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INTRODUCTION
1.0 335522255£23 — This report documents the results of a Federal
! Aviation Administration (FAA) noise measurement/flight test program
involving the Aerospatiale Dauphin twin-jet helicopter. The report
contains documentary sectlons describing the acoustical characteristics of
the subject helicopter and provides analyses and discussions addressing
topics ranging from acoustical propagation to environmental impact of

helicopter noise.

This report is the second in a scries nf seven documenting the FAA
helicopter nolse measurement program conducted at Dulles International

Alrport during the summer of 1983,

The Dauphin test program was conducted by the FAA in cooperation with

Aerospatiale Helicopter Corporation ard a number of supporting Federal

% SRR agencleg. The rigorously controlled tests involved the acquisition of

: detailed acoustical, position and meteorological data,

This test program was designed tc address a series of objectives
- including: 1) acquisition of acoustical data for use in helipor.

B N environmental impact analyses, 2) documentation of directivity

;qharacteristics for static operation of helicopters, (3) establishment of
':_3tound-to—ground and air-to-ground acoustical propagation relaiionships
- -for helicoptere, 4) determination of noise eveut duration influences on
- energy dose acoustical metrics, 5) examination of the differences between
noise measured by a surface mounted microphone and a microphone mounted at
;°a height of four feet (1.2 meters), and 6) documentation of noise levels
acquired using international helicopter noise certification test

procedures,




The appendices to this document provide a reference set of acoustical data
for the Dauphin helicopter operating in i1 variety of typical flight
regimes, The first seven chapters contain the introduction and
description of the helicopter, test procedures and test equipment.

Chapter 8 descripes analyres of flight trajectories and meteorological
data anc is documentary in nature. Chapter 9 delves intu the areas of
acoustical propagation, helicupter directivity for static opurations, and
variablility in measured acoustical data over various propagation surfaces,
The analyses of Chapter 9 in some cases succeed in establishing
relationships characteriziag the acoustic nature of the subject

helicopter, while in other instances the results are too variant and

anomalous to draw any firm conclusions, In any event, all of the znalyses

i provide useful insight to people wcrking in the field of helicopter

................. 2

eavironmental acousiics, elither in providing a tool or by identifying

© areas which need the illumination of further research efforts,
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TEST HELICOPTER DESCRIPIION

2.0 Test Helicopter Description ~ The SA 365N Dauphin 2 is a twin

turbin~powered transport helicopter capable of carrying eight passengers
and a crew of twn. The helicopter is manufactured by Aerospatiale
Helicopter Corporation of Grand I'rairie, Texas, and was certificated by
the FAA in November 1981. Standard features of the aircraft include a 177
cubic foot cabin with removable passenger seats, provision for air
conditioning and soundproofing, and a baggage compartment of approximately
56 cubic feet., An additional feature of the aircraft is the fenestra, a
tail rotor encased 1n a chroud or duct and mounted ia line with the

tailcone axis,

Besides the standard configuration, the helicopter 1s available in a

‘special aeromedical version. The “intensive care” layout of this version

i’

“‘allows for transportation of two patients on stretchers, a doctor and
medical equipment, The "ambulance” layout allows for transportation of

”ffout patients on stretchers, a doctor and equipment,

Selectead operational characteristics, obtained from the helicopter

.?manufaccuxer, are presented in Table 2,1.

P ';f$ab1e 2.2 presents a summary of the flight operational reference

'F:;?arameters determined using the procedures specified in the International

r,ifC1vil Aviation Organization (ICAO) noise certification testing
'?equirements. Presented along with the operational parametets are the

* ""altitudes that one would expect the helicopter to attain (referred to the
‘fiCAO reference test sites). This information is provided so that the
",reader may implement an ICAO type data correction usililg the "As Measured”

.data contained in this report., This report does not undertake such a

correction, leaving it as the topic of a subsequent report.
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TABLE 2.1

HELICOPTER CHARACTERISTICS

HELICOPTER MANUFACTURER
HELICOPTER MODEL

HELICOPTER TYEFE

TEST KRELICOPTER N~NUMBER
MAXIMUM GROSS TAKEOFF WEIGHT

NUMBER AND TYPE OF ENGINE(S)

SHAFT HORSE POWER (PER ENGINE)

MAXIMUM CONTINUCUS POWER

SPECIFIC FUEL CONSUMPTION AT
MAXIMUM POWER (LB/HR/HP)

NEVER EXCEED SPEED (VNE)

MAX SPEED IN LEVEL FLIGHT

. WITH MAX CONTINUOUS POWER (VH)

" 8PEED FOR BEST RATE QOF CLIMB (Vy!

BEST RATE OF CLIMB

: Aercospatiale Helicopter Corporation

: SA 365N Dauphin 2

H Single rotor

: 365 AH

: 8488 1bs (385C kg)

2 TurbomecarARRIEL 1C

H 710 HP

: 594 HP

i 85 LBRS/UR/HP

:__ 175 KTS

: 150 KTS TAS (3850 kg Sea Level Standard
: 75 Kis )

:_ 1600 fpm

MAIN AND TAIL ROTOR SPECIFICATIONS

ROTOR SPEED (100%)

'DIAMETER

. NUMBER OF BLADES

PERIPHERAL VELOCITY
DISK LOADING

FUNDAMENTAL BLADE PASSAGE

- “FREQUENCY

ROTATIONAL TIP MACH NUMBER (77°F)

MATN TAIL
6> rpm —4J0f rpm __
:__ 470 4ip.(11.93m) _ 2 m
:  385mm (i5.2 in) 1.71 in.

s 4 13

: 748 fps 727 fos
*__7.07 1hs/ftl

s+ 24 Rz 1020 Hz
: .6587 .6402




TABLE 2.2
ICAO REFERENCE PARAMETERS
TAKEOFF APPROACH LEVEL FLYOVER o
AIRSPEED (KTS) i 75 75 135
RATE OF CLIMB/DESCENT (fpm) : 1600 794 N/A
CLIMB/DESCENT ANGLE (DEGREES) : 12.2° 6° N/A
ALTITUDE/CPA (FEET)
SITE 5 2 221/216 329/327 492
SITE 1 : 355/347 394/392 492
SITE 4 2 461/451 4461443 492
7% iSLANT RANGE (FEET) TO
. . wes SITE 2 :_607 630 696
“SITE 3 : : 607 630 696
[ DR ~
! E..,* ot
. A
R
| o l :
. ,
|
| 5
!
|
.*
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TEST SYNCPSIS

3.0 Test Synopsis - Below is a listing of pertinent details pertaining to

the execution of the helicopter tests,

1, Test Sponsor, Program Management, and Data Analysis: Federal
Aviation Administration, Office of Fovironment and Energy, Noise Abatement
Division, Noise Technology Branch {AERE-120).

2. Test Helicopter: SA 365N Dauphin 2, provided by Aerospatiale
Hilicopter Corporation

3. fest Date: Monday, June 6, 1983

4., Test Location: Dulles International Airport, Runway 30 over~run
area,

5. Noise Data Measurement (recording), processing wnd analysis:

,_Department of Transportation (DOT), Transportation Systems Center (TSC),
'}3>Noise Measurement and Assessment Faciliﬁy.
6. Noise Data Measurement (direct-~read), processing and analaysis:

.FAA, Noise Technology Branch (AEE-120),

SR

7. Cockpit iunstrument photo documentation; photo-altitude

_idetermination system; documentary photographs: Department of
.}Eapsportation, Photographic Services Labor itory.

8. Meteorological Data (fifteen minute observations): National
wigggthgr Service Office, Dulles International Airport.
h?'u 9. Meteorological Data (radiosonde/rawinsonde weather balloon

: launches): National Weather Service Upper Air Station, Sterling Park,

- Virgtnta,
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Flight Test and Noise Measurement Personnel}
In Action

FIGURE 3.1
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16. Meteorological Data {on site observations): DOT-TSC.

11. Flight Path Guidance (portable visual apprecach slope indicator
(VASI) and theodolite/verbal course corrections): FAA Technical Center,
ACT-310.

12. Air Traffic Control: Dulles International Alrport Air Traffic
Control Tower.

13. Test site preparation; surveying, clesring underbrush, counnecting
electrical power, providing markers, painting signs, and other physical
arrangements: Dulles International Airport Grounds and Maintenance, and

Afirways Facilities personnel,

Figure 3.1 1s a photo collage of flight test and measurement personnel

performing their tasks,

" 3.1 Measurement Facility - The noise measurement testing area was located

adjacent to the approach end of Runway 12 at Dulles International Airport,

{The approach end of Runway 12 is synonymous with Runway 30 over-run

.'#ii‘ area,) The low ambient noise level, the availability of emergency
?iéiﬂ;’ nguipment, and the security of the area all made this location desirable.

Figure 3,2 provides a photograph of the Dulles terminal and of the test

Y 391

:The test srea adjacent to the runway was nominally flat with a ground

hcover of short, clipped graes, approximately 1800 feet by 220C feet, and

ﬁ?-f,j”:fbordered on north, south, and west by woods. There wzs minimum

 3interfetence from the commercial and general aviation activity at the
airport since Runway 12/30 was closed to normal traffic during the tests.
The runways used for normal traffic, 1L and 1R, were approximately 2 and 3

miles east, respectively, of the test site,




Figure 3.2

The Terminal and Air Traffic Control Tower
at Dulles International Airport

Approach to Runway 12 at Dulles Noise
Measurement Site for 1983 Helicopter Tests




The flight track centerline was located parallel to Runway 12/30 between
the runway and tne taxiway. The helicopter hover point for the static
operations was located on the southwest corner of the approach end of
Runway 12, Eight nolse measurement sites were established in the grassy

area adjacent to the Runway 12 approach ground track,

3.2 Microphone Locations ~ There were eight separate microphone sites

located within the testing area, making up two measurement arrays. One
array was used for the flight operations, the other for the static
operations. A schematic of the test area is shown in Figure 3.3,

A, Flight Operations — The microphone array for flight operations

consisted of two sideline sites, numbered 2 and 3 in Figure 3,3, and three
centerline sites, numbered 5, 1, and 4, located directly belew the flight
path of the helicopter. Since site number 3, the north sideline site, was
located in a lightly wooded area, it was offset 46 feet to the west to
provide sufficient clearance from surrounding trees and bushes.

B, Static Operations - The microphone array for static operations

consisted of sites 7H, SH, 1H, 2, and 4H, These sites were situated
around the helicopter hover point which was located on the southwest
corner of the approach end of Runway 12. These site locations allowed for

both hard and soft ground-~to-ground propagation paths.

3.3 Flight Path Markers and Guidance System Locations - Visual cues in

the form of squares of plywood painted bright yellow with a black "X" in

the center were provided to define the takeoff rotation point, This point

was located 1640 feet (500 m} from centerline center (CLC) microphone




FIGURE 3.3

Noise Measurement and Photo Site Schematic
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location. Four portable, battery-powered spotlights were deployed at
various locations to asslet pilots in maintaining the array centerline,
To provide visuel guidance during the approach portion of thie test, a
standard visual approach slope indicator (VASI) system was used, In
addition to the visual guidance, the VASI crew also provided verbal
gutdance with the aid of a theodolite, Both methods assisted the
helicopter pilot in adhering to the microphone array centerline aad in
maintaining the proper approach path. The locations of the VASI from CLC

are shown in the following table.

Approach Angle Distance from CLC
(degrees) (feet)
- 12 1830
9 2456
6 3701
3 7423

Each of these locatfons provided a glidepath which crossed over the

13
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TEST PLANNING AND BACKGRCUND

4,0 Test Planning/Background Activities - This section provides a brief

discussion of important administrative and test planning activities.

4.1 Test Program Advance Briefings and Coordination - A pre-test briefing

was conducted approximately one month prior to the test. The meeting was
attended by all pilots parvticipating in the test, along with FAA program
maragers, manufacturer test ccordinators, and other key test participants
from the Dulles Airport community. During this meeting, the airspace
safevy and communications protocol were rigorously defined and at the same
time test participants were able to iron out logistical and procedural
details. On the morning of the test, a final brief meeting was convened
on the flight line to review safety rules and coordinate last-wminute

changes in the test schedule.

4.2 Communications Network - During the helicopter ncise measurement

test, an elaborate communications network was utilized to manage the
various systems and crews. This network was headed by a central group
which coordinated the testing using thrze two-way radio systems,

designated as Radios 1-3.

Radioc 1 was a walkie talkie system operating on 169.275 MHz, providing
communications between the VASI, National Weather Service, FAA Acoustic
Measurement crew, the TSC acoustic team coordinator, and the noise test

coordinating team.

Radis 2 was a second wallie talkie system operating on 170,40 MHz,

providing communicatione between the TSC acoustic team coordinator and ti.e

TSC acoustic measurement teams.
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Radio 3, a2 multi-channel transceiver, was used as both an air-to-ground
and ground—to-g;ound communications system. In air-to-ground mode it
pr&vided coﬁmunications between VASI, helicopter flight crews, and noise
test_qqnﬁro; on 123,175 MHz., In ground-to-ground mode it provided
comnunications between the air traffic control tower (121.9 MHz), Page

Avjet (the_fuel source) (122.95 MHz), and nolse test control,

A scheﬁa§1§ of this network is shown in Figure 4.1.

\ .
4.3 Local Madia Notification — Noise test program managers working

through the FAA Office of Public Affairs released an article toc the local
media explaining that helicopter noise tests were to be conducted at
. Dulles Airport on June 6 the test day commencing around dawn and extending

’ Lo ”j.E;hEOugh midday. The article described general test objectives, flight

- -
. r

Jpetns; and rationaie behiﬁd.the veiy early woraning start time {low wind
requirements), In the case of a“farm located very close to the airport, a
gegber of the program paﬁagement team personally visited the resideunts and

.;”_;lexylained H?ac wag going to be involved in the test, As a consequence of
. , . :

—f“-,_;"g?thraé éftorta'(it is assumed), there were very few compliaints about the
o . . v : . ' .

F’f;ﬁ tg%ttprogram.

AR gt

[ H T '

». 444. Ambient Nolge ~ One of the reasons that the Dulles Runway 30 c¢ver-run

%hrea was selected as thelﬁgst_pite‘was the low ambient noise level in the
“a:.e2., Typically one observed an A-Weighted LEQ on the ovder of éS_dB,
"with dominant transient qoise gources pfimarily from the avian and insect
families. The primary ;ffender was tﬁe Collinus Virginianus, commonly

known as the bobwhite, quail, or partridge. The infrequent intrusive

W
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sound pressure levels were on the order of 55 dB centered in the 2000 H=z

one~third octave band,.

As an additional measure for sarety and for lessening ambient nolse, a
Notice to Airmen or IOTAM was 1ss—ed advising aircraft of the noilse test,

and indicating that Runway 12/30 was closed for the duration of the test.

T .
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DATA ACQUISITION AND GUIDANCE SYSTEMS

5.0 Data Acquisition and Guidance Systems - This section provides a

detailed description of the test program data acquisition systems, with
special attention given to documenting the operational accuracy of each
system. In addition, discussion 1is provided (as needed) which relates
field experlences which might be of help to others engaged in controlled
helicopter noise measurements. In each case, the location of a given
measurement system is described relative to the helicopter flight

path.

5.1 Approach Guidance System - Approach guidance was provided to the

pilot by means of a visual approach slope indicator (VASI) and through
verbal commands from an observaer using a ballon-tracking theodolite. (A
picture of the theodolite is included in Figure 3,1, in Section 3,0.,} The

VASI and theocdolite were positioned at the point where the approach path

The VASI system used in the test was a 3--light arrangement giving vertical
displacement information within +0.5 degrees of the reference approach
slope. The pilot observed a green light if the helicopter was within 0.5
degrees of the approach slope, red if below the approach slope, white if
above, The VASI was adjusted and repositioned to provide a variety of
approach angles, A picture of the VASI is included in Figure 3,1, 1in

Section 3.0,

The theodolite system, used in conjunction with the VASI, also provided
accurate approach guidance to the pllot. A brief time lag existed between
the instant the theodolite observer perceived deviation, transmitted a

command, and the pilot made the correction; however, the theodolite crew

vas generally able to alert the pilot of approach path deviations (slope

and lateral digplacement) before the helicopter exceeded the limits of the

one degree green light of the VASI. Thus, the helicopter only




TABLE 5.1

REFERENCE HELICOPTER ALTITUDES FOR APPROACH TESTS
{all distances expressed in feet)

MICROPHONE MICROPHONE MICROPHONE
NO. 4 NO. 1 NO. 5
APPROACH A = 8010 A = 7518 A = 702¢€
ANGLE = 3° B = 420 B = 394 B = 368
C = 470 C = :66 C = .t62
6° A = 4241 A = 3749 A = 3257
B = 446 B = 39 B = 342
C = +37 C= +33 C= 429
9° A = 2980 A = 2488 A = 1362
B = 472 B = 394 B = 316
C = 427 C= =+22 C= +18

A = distance from VASI to microphone location

C. = boundary of the 1 degree VASI glide slope
"beam width".

20




occasionally and temporarily deviated more than 0.5 degrees from the

reference approach path.

Approach paths of € and 9 degrees were used during the test program,
Table 5.1 summarizes the VASI beam width at each measurement location for

a varlety of the approach angles used in this test,

5.2 Photo Altitude Determination Systems — The helicopter altitude over a

given microphore was determined by the photographic technique described in
the Society of Automocive Engineers report AIR-902 (ref, 1), This
technique involves photographing an aircraft during a flyover event and
proportionally scaling the resulting image with the known dimensions of
the aircraft. The camera is initially calibrated by photographing a test
rjggigpbject of known size and distance. Measuring the resulting image enables
calculation of the effective focal length from the proportional

>'.re1ationah1p:

{image length)/(object length)=(effective focal length)/(object distance)

This relationship is used to calculate the slant distance from microphone

-to alrcraft. Effective focal length is determined during camera

-¢alibration, object length ig determined from the physical dimensicns of
'1£‘the eireraft (typically the votor diameter or fuseiage) and the image size

' .is measured on the protograph. These measurements lead to the c¢alculation

~of object distance, cr the slant distance from camera or microphone to

sircraft. The concept applies simllarly to measuring an image on a print,

+,or meaguring & projected image from a slide.

O S

21




<P Byt g1 Wai s Tl e TP S e e N R P T R T TR R

Figure 5.1

Photo Overhead Positioning System
(Pop System)

10~

Photographer using the
IO’ System Lo photograph
the helicopter.

Artist's Drawing of the Photo Overhead Positioning
System (Figure is not to scale.)

Photographs of' the Aerospatiale Dauphin 2, as taken

=2

by the photographer using the POP system,
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The SAE AIR-902 technique was implemented during the 1983 helicopter tests
with three 35mm single lens reflex (SLR) cameras using slide film., A
camera was positioned 100 feet from each of the centerline microphone
rocations, Lenses with different focal lengths, each individually
calibrated, were used in photographing helicopters at differing altitudes
in order to more fully "fill the frame" and reduce image measurement

eryor.

The photoscaling technique assumes the aircraft is photographed directly
cverhead, Although SAE AIR-902 does present equations to account for
‘deviations caused by photographing too soon or late, or by the aircraft
deviating from the centeriine, ttrese corrections are not required when
»‘f?; deviations are s&all. Tvpically, nost of the deviationsz were acoustically
insignificant, Consequently, corrections were not required for any of the

1983 test pnotos.

The photographer was aided in estimating when the helicopter was directly
“overhead by means of a photo-overhead positioning system (POPS) as
. illustrated in the figure and pictures in Figure 5.1 The POP system
consisted of.two parallel (to the ground) wires in a vertical plane
'%orthogonal to the flight path. The photographer, lying beneath the POP
_%system, initially positioned the camera to coincide with the vertical
{;? %p1ane of the two guide wires, The photographer tracked the approaching
helicopter in the viewfinder and tripped the shutter when the helicopter
isrossed the superimposed wires. This process of tracking the hellcopter

‘also minimized image blurring and the consequent elongation of the image

.. .of the fuselage.




A scale graduated in 1/32-inch increments was used to measure the
projected image. This scaling resolution translated to an error in
altitude of less than one percent. A potential error lies in the scaler's
interpretation of the edge of the image. In an effort to quantify this
error, a test group of ten individuals measured a selection of the
fuzziest photographs from the helciopter tests. The resulting statistics
revealed that 2/3 of the participants were within two percent of the mean
altitude, SAE AIR-902 indicates that the overall photoscaling technique,
under even the most extreme conditions, rarely produces error exceeding

12 percent, which is equivalent to a maximum of ] dB error in corrected
sound level data, Actual accuracy varies from photo to photo; however, by
using skilled photographers and exercising reasonable care in the
measurements, the accuracy is good enough to ignore the ;esulting snall

~grror in altitude.

5.3 Cockpit Photo Data - During each flight operation of the test

program, cockpit instrument panel phetographs were taken with a 35mm SLR
- camera, with an 85mm lens, and high speed slide film. These pictures
Jserved as verification of the helicopter's speed, altitude, and torque at
a particular point during a test event. The photos were intended to be
taken when the aircraft was directly over the centerline-center microphone
site, site #] (see Figure 3.3)., Although the photos were not always taken
-at precisely that point, thes pictures do represent a typlcal moment durirg :fj
.the test event, The word typical is important because the snapshot

freezes instrument readings at one moment in time, while actually the

readings are constantly changing by a small amcunt because of instrum.nt

fluctuation and pilot input, Thus, fluctvations above or below reference 'ﬁ;

H o . . couditions are to be anticipated. A reproduction of a typical cockpit

ey ~ photo is shown in Figure 5,2, The use of a video tape system is being




considered for future tests to acquire a ccantinuous record ot cockpit
parameters during each data run., Preliminary FAA studies (April 1984)
indicate that this technique can be most successful using off the shelf
equipment, When slides were projected onto a screen, it was possible to
read and record the instrument readings with reasonable accuracy. This
data acquisition system was augmented by the presence of an experienced
cockpit observor who provided additional documentation of operational

parameters,

FIGURE §.2

5,4 Upper Air Meteorological Data Acquisition/NWS: Sterling, VA ~ The

Mational Weather Service (NWS) at Sterling, Virginia provided upper air

meteorological data obtained from balloon-borne radiosondes, These data

consisted of pressure, temperature, relative humidity, wind direction, and

‘gspeed at 100' intervals from ground level through the highest test

altitude. The dalloons were launched approximately 2 miles north of the
measurement array. To siow the ascent rate of the balloon, an inverted
parachute was attached to the end of the flight train. The V1Z Accu-Lok

{(manufacturer) radiosonde employed in these tests consisted of sensors




which sampled the ambient temperature, relative humidity, and pressure of
the air. Fach radiosonde was individually calibrated by the manufacturer,
The sensors were coupled to a radio transmitter which emitted an RF signal
of 1680 MHEz sequentially pulse-modulated at rates corresponding to the
values of sampled metecorological parameters. These signals were received
by the ground-based tracking system and converted into a continuous trace
on a strip chart recorder. The levels were then extracted manually and
entered into a minicomputer where calculatious were performed, Wind
speed and direction were determined from changes in position and direction
of the "flight train” as detected by the radiosonde tracking system.

Figure 5.3 shows technicians preparing to launch a radlosonde.

FIGURE 6.3




The manufacturer's specifications for accuracy are:
Pressure = +4 mb up to 250 mb
Temperature = +0,5°C, over a range of +30°C to ~30°C

Humidity = +5% over a range of +25°C to 5°C

The National Weather Service has determined the “operational accuracy” of
a radiosonde {as documented in an unpublished repori entitled "Standard

for Weather Bureau Field Programs”, 1-~1-67) to be as follows:

Pressure = +2 mb, over a range of 1050 ~ 5 mb
Temperature = 41°C, over a range of +50°C to -70°C

Humidity = +5% over a range of +40°C to -40°C

The temperature and pressure data are considered accurate encugh for
general documentary purpeses. The relative humidity data are the least
reliable. The radiosonde reports iower than actual humidities whea the
alr is near saturation, These inaccuraclies are attributable to the slow

response time of the humidity sensor to sudden changes. (Ref. 2).

5.5 Surface Meteorological Data Acquisition/NWS: Dulles Airport ~ The

National Weather Service Ltation at Dulles provided temperature,
windspeed, and wind direction on the test day. Readings were noted every
15 minutes., These data are presented in Appendix H. The temperature
transducers were located approximately 2.5 miles east of the test site at
a height of 6 feet (1.8 m) above the ground, the wind instruments were at
a treight of 30 feet (10 m) above ground level, The dry bulb thermometer
and dew point transducer wer~ contained in the Bristol (manufacturer)
HO-61 system operating with + one degree acciuracy. The windspeed and
direction were measured with the Electric Speed lndicator (maunufacturer)

F420C System, operating with an accuracy of 1 knot and +5° (maximum

error).




On-site metercloglical deta were also obtained by TSC personnel using a
Climatronics (manufacturer) model EWS wecther system, The anemometer and
temperature sensor were located 10 feet above ground level at noise

site 4. These data are presented in Appendix I, The following table

identifies the accuracy of the findividual componz2nts of the EWS

.yﬁteﬂr
Sensor Accutacz Rapge Time Constant
Windspeed +.025 mph 0-100 mph 5 sec
or 1.5%
Wind +1.5% 0~360° Mech 15 sec
Direction 0-~540° Elect
Relstive +22 0-100% RH 10 sec

Huaidity 0-100% RH

Temperature  +1.,0°F -40 to +120°F 10 sec

After “detectton”™ (sensing), the m:teorological data are recorded on a

Rustrak (manufacturer) paperchart recorder. The following table

identifies the range and resolutions associated with the recording of each

parsmetar,
.. . Sensor Range Chart Resolution
Yindspeed C~25 TSC mod +0.5 mph
0~50 mph
“Wind 0~540° +5°
..\ Direction
.. Relative 0~-1U0% RH 42X RH
7 Humidity
. Temperature ~40° to 120°F *1°F

35+6.0 MNoise Data Acquisitior Sytems/System Deployment - This section

':providas 8 detelled description of the acoustlicsl measurement systems
gmployed in the test program along with the deployment plan utilized in

each phasa of testiug.
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5.6.1 Description of TSC Magnetic Recording Systems - TSC personnel

deployed Nagra two-channel direct-mode tape recorders. Noise data were
recorded with essentially flat frequency response on one channel, The
same input data were wefghted and amplified using a high frequency
pre—-emphasis filter and were recorded on the second channel. The
pre-emphasis network rolled off those frequencies below 10,000 Hz at 20 dB
per decade. Thé use of pre—emphasis was necessary in order to boost the
high frequency portion of the acounstical signal (such as a helicopter
sper . cua) characterized by large level differences (30 to 60 dB) between
the high and low frequencles, Recording gailns were adjusted sc¢ that the
‘best possible aignal-to-noise ratio would be achieved while allowing
_anough “head room” to comply with applicable distortion avoidance

-¥equirements,

.IRIG—B time code synchronized with the tracking time base was recorded on
‘the cue channel of each system. The typical measurement system consisted
- of a General Radic 1/2 inch electret microphone oriented for grazing

‘{ncidence driving a Ceneral Radio P-42 preamp and mounted at & helght of

' 7‘iftour feet (1,2 meters). A 100-foot (30,5 meters) cable was used between

- “the tripod and the instrumentation vehicle located at the pecimeter of the

test circle. A schematic of the acoustical instrumentation is shown in

. Flgure S04,

'“:gligure 5.4 alsc shows the cutaway windscreen mounting for the ground

-microphone. This configuration places the lower edge of the microphone
disphram approximately one-half inch from the plywood (4 ft Ly & ft)
surface. The ground microphcune was located off center in order to avoid

" ‘matural mode resorant vibration of the ylywond square.
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5.6.2 FAA Direct Read Measuremeut Systems - In addition to the recording

systems deplcyed by TSC, four direct read, Type-] noise measurement
systems were deployed at selected sites, Each nolse measurement site
consisted of an identical microphone-preamplifier system comprised of a
General Radio 1/2-inch electret microphone (1962-9610) driving a General
Radlio P-42 preamplifier mounted 4 feet (1.2m) above the ground and
oriented for grazing incidence. Each miérophone was coverad with a 3-inch

windscreen,

Three of the direct read systems utilized a 100-foot cable connecting the
microphone system with a Geuneral Radio 1988 Precisifon Integrating Sound
level Meter (PISLM). In each case, the slow :eéponse A-weighted sound
level was output to a graphic level recorder (GLR). The GLRs operated at
& paper transport speed of 5 centipeters per.minute (300 cm/hr). These
syatems collected single event data couslsting of maximum A-weighted Sound
Level (AL), Sound Exposure Level (SEL), integration time (T), and

.equivalent sound level (LEQ).

‘The fourth microphone system was conuected to a General Radio 19818 Sound
Level Meter, This meter, used at site 7H for static oberations only,
provided A-weighted Sound Level values vhich were processed using a micro

sanpling technique to determine LEQ.

All instrunents were calibrated at the beginning and end of each test day

and approximately every hour in between. A schematic drawing of the basic

fAirect read system is shown in Figure 5.5.
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5.6.3 Denloyment of Acoustical Measurement Instrumentation - This section

describes the deployment of the magnetic tape recording and direct read

nolse measurement systems,

During the testing, TSC deployed six magnetic tape zecording systems,
During the flight operations, four of these recording system were located
at the three centerline sites: one system at site 4, one at slte 5, and
two at centerline center with the microphone of one of those systems at 4
feet above ground, the microphone of the other at ground level. The two
remaining recording systems were located at the two sidelines sites, The
FAA deployed three direct read systems at the three centerline sites
during the flight operations. Figure 5,6 provides a schematic drawing of

the equipment deployment for the flight operations,

In the cagse of gtatic operations, only four of the six recorder sysiems

=]

.. ere used, The recorder system with the 4-foot microphone at site 1 moved

f”'to gite 1H. The recorders at sites 4 and 5 moved to 4H and SH

S

oot !

~ regpectively., The recorder at site 2, the south sideline site, was also

‘ueed, The three dir~ct read systems were moved from the centerline sites

}30 sites S5H, 2, and 4H. The fourth direct read system was employed at
_5;§ite 7H, Figure 5.7 provides a schematic diagram of the equipment

{fdggloyment for the static operations.
SRS s U A .

o
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ACOQUSTICAL DATA REDUCTION

6.0 Acoustical Data Reduction - This section describes the treatment of

tape recorded and direct read acoustical data from the point of
acquisition to point of entry into the data tables shown in the appendices

of this document.

6.1 TSC Magnetic Recording Data Reduction -~ The analog magnetic tape

recordings analyzed at the TSC facllity in Cambridge, Massachusetts were
fed into magnetic disc storage after filtering and digitizing using the
GenRad 1921 one-third octave real-time analyzer. Recording system
frequency response adjustments were applied, assuring overall linearity of
the recording and reduction system. The stored Z4, one-third octave sound
pressure levels (SPLs) for contiguous one-analf second integration periods
making up each event comprise the base of "raw cata,” Data reduction
followed the basic procedures defined in Federal Aviation Regulation (FAR)
Part 36 (Ref. 3). The following sections describe the steps involved in

arriving at final sound level values,

6.1.1 Amblent Noise - The ambient noise is considered to consist of both

“the acoustical background noise and the electrical noise of the
‘measurement system. For each event, the amblent lewvel was taken as the
five to ten—second time averaged one-third octave band taken immed.ately
..prior to the event, The ambieat noise was used to correct the measured
raw apectral data by substracting the ambient level from the measured
noise levels on an energy basls., This substraction yielded the corrected

noise level of the aircraft. The following execptions are noted:

1. At one-third octave frequencies of 630 Hz and bhelow, if the
measured level was within 3 dB of the ambient level, the measured level

‘was corrected by being set equal to the ambient. If the measured level

was less than the ambient level, the measured level was not corrected.




2. At one-third octave freqguencias above 630 Hz, if the weasured
Jevel was within 3 dB or less of the ambient, the level was identified as

"masked."”

6.1.2 Spectral Shaping - The raw spectral data, corrected for ambient

noise, were adjusted by sloping the spectrum shape at -2 dB per oune-third
octave for those bands (above 1.25 kHz) where the signal to noise ratio
was less than 3 dB, i.e,, "masked” bands. This procedure was applied in
cases involving no more than 9 "masked” one-third octave bands., The
shaping of the spectrum over this 9-band range was conducted to minimize
EPN], data loss. This spectral shapling methodology deviates from FAR-36
procedures in that the extrapolation includes four more bands than

normally allowed.

6.1.3 Analysis System Time Constant/Slow Response ~ The corrected raw

.épecital data (contiguous linear 1/2 second records of data) were
processed using a sliding window or weighted running logarithmic averaging
procedure to achieve the "slow” dynamic response equivalent to the "slow

. response” characteristic of sound level meters as required under the

_.provieglons of FAR-36. The following relationship using four consecutive
data records was used:

il

o.1Li- 0.1Li)]

0 - —z 1
L, = 10 Log [0.13(10.% ™1 $40.21(10.9 "i7%)+0.27(10. )+0.39(10.

‘'where Ly 1s the one~third octave band sound pressure level for the ith

;ana—half second record number,

6.1.4 Bandsharing of Tones - All calculations of PNLTM included testing

for the presence of band sharing and adjustment in accordance with the

procedures defined in FAR-36, Appendix B, Section B 36,2.3.3, (Ref, 4).
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6.1,5 Tone Corrections - Tone corrections were computed using the

helicopter acoustical spectrum from 24 Hz to 11,200 Hz, (bands 14 through
40). Tone correction values were computed for bands 17 through 40, tae
same set of bands used in computing the EPNL and PNLT. The initiation of
the tone correction procedure at a lower frequency reflects recognition of
the strong low frequency tonal content of helicopter noise. This
procedure is in accordance with the requirements of ICAQ Annex 16,

Appendix 4, paragraph 4.3. (Ref, 5)

6.1.6 Other Metrics — In addition to the EPNL/PNLT family of metrics and

the SEL/AL family, the overall sound pressure level and 10-dB down

duration times are presented as part of the "As Measured” data set in
Appendix A, Two factors relating to the event time history (distance
duration and speed corrections, discussed in a later section) are alsc

presented.

6.1,7 Spectral Data/Static Tests — In the case of static operations,

thirty-two seconds of corrected raw spectral data (64 contiguous 1/2
second data records) were energy averaged to produce the data tabulated ia
Appendix C., The spectral data presented is "as measured” at the emission
ngles ghown in Figure 6.1, established relative to each microphone
location, Also included in the tables are the 360 degree (eight emission
angles) average levels, calculated by both arithmetic and energy

averaging.

Note that "masked” levels (see Section 6.1.1) are replaced in the tables

of Appendix C with a dash (~). The indexes shown, however, were

caleculatad with a shaped spectra as per Sectioun 6.1,.2.
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6.2 FAA Direct Read Data Reduction - FAA direct read data was reduced

using the Apple Ile microcomputer and the VISICALC® software package.
VISICALC® is an electronic worksheet composed of 256 x 256 rows and
columns which can support mathematical manipulation of the data placed
anywhere on the worksheet, This form of computer software lends itself
to a variety of data analyses, by means of constructing templates
(worksheets constructed for specific purposes). Data files can be
constructed to contain a variety of information such as noise data and
position data using a file format called DiF (data interchange

format).

Data analysis can be performed by loading DIF files onto analysis
templatea. The output or results can be displayed in a2 format suitable
for inclusion in reports or presentations. Data tables generated using
these Lechnijues are contained in Appendiceg B and D, and are discussed in

'SeCt::lon %.0a

o rﬂr "6.2.1 Alrcraft Position and Trajectory — A VISICALC®P DIF file was created

f xf : -fo contain the photo altitude data for each event of each test series for
m

i':he test conducted. These data were input into a VISICALC® template
| . :fw .fff designated HELO ALT. The template HELO ALT was designed to perform a

-iﬁ::'i 3-point regression through the photo altitude duta from which estimates of

f{g;rcraft altitudes could be determined for each microphone location,

'¥§.2.2 Direct Read Noise Data - HELO NOISE was designed to take two

SN ISLCALQD DIF files as input., The first contained the "as measured”

e . L




noise levels SEL and dBA obtalned from the FAA direct read systems and the
10~dB duration time obtained from the graphic level recorder strips, for

each of the three microphone sites.

The second consisted of the estimates of aircraft altitude over three
microphone sites. HELO NOISE performed calculations to determine two
figures of merit related to the event duration influences on the SEL

energy dose metric., This analysis 1s described in Section 9.4, All of

the available HELO NO1SE output templates are presented in Appendix B.




TEST SER!ES DESCRIPTION

7.0 Tes: Series Description ~ The noise-flight test operations schedule

for che Asrospatiale 365N Dauphin consisted of two major parts.

The first part or core test program included the ICAO certification tesr
opevations (takeof{, approach, and level flyover) supplemented by level
flyovers at varisus altitudes (at a constant airspeed) and at various
airspeeds (at a constant altitude). 1In addition to the ICAO takeoff
operation a second takecfi flight series was included in which takeoffs
were initiated from a hover taxi. An alternative approach aperation was
also included, utilizing a nine degree approach angle to compare with che

six J<gree 1CAQ appruach data,

The second part of the test program consisted of statlc operations
designed to assess hzlicopter directivity patterns and examine

ground-to—-ground propagation.

The following paragraphs describe the Dauphin test schedule by "test
series”, each test series representing a group of similar events. Each
‘moise event. 18 1den.ified by a letier prefix, corresponding to the
appropriate test series, followed by a number which represents the
aunerical sequence of event (i.e., Al, A2, A3, A4, B5, Bh,...etc.). In
some cases the asctual order of test serics may not follow alphabetiecally,
as a D}, D2, D3, D4, E5, E6, E8, H9, HIO, Hll,ss. etc.). In the case of
~zatlc operations the incividual events are reported by the acovstical
euissicn angle referenced to each individual microphone location (i.e.,
J120, J165, J210, J255, J300, J345, J030, J73). In eachk of the paragraphs

below, the “"test target” operational parameters are specified, Actual

data run pa;. sters are specified in the appendices «f this dccument.
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Test Series A: Runs Al through AlO. This series consisted of Ievel
filyovers at a target altitude of 500 feet (152.4 meters) above ground
level (AGL), at a target alrspeed equal to 135 kunots, 90 percent of

'

" . Test Series B: Runs B}l through Bl4., This series consisted of level
flyovers at a target altitude of 500 feet AGL (15Z.4 meters) ar a tavget

alrspeed of 120 knots, 80 perceat of Vy.

Test Series C: Runs Cl5 through C20. This series cousisted of level
flyovers at a target altitude of 550 feet AGL (152.¢ me;ers), at a target

“lairspeed of 105 knots, 70 percent of Vp,

.“,Test Series b: Runs D21 through D25. This series consisted of level
'fflyovers at a target altitude of 1030 feet AGL (304.8 metere), at a target

;airspeed of 139 knets, 9C percent of Vy.

- .~Teet Series E: Runs F26 throwgh E33. This test series reflecis ICAQ
.“?%certification takeoff test requirements. All takeoff operations wee flown -

-7 4dn the 300 degree direction, passing first over site 5, then sites 1 ard

S *;f;;%. .The airspeed requirenent stf{pulates a constant velocity equal to Vy.
:1vyhighria 75 knots for the Dauphin,

a

oA
oA

FIT
{»?ﬁest Series F: Euns F34 through F36 and F46 through F52, This test

ey

Co .ffﬁgeries consisted of approach operatiuvus flown on a magnetic heading of 120

: f,gggteca. The helicoptur pasaed over sites 4, 1, snd 5 in succession,

- uiThis serles reflects ICAQ operational requirements, which stipuiate a six

: degree approach ypata at a coustant tucget alrspeed of 75 knots (Vy, epead

‘for the best rate of climb).

|
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Test Series G: Runs GA37 through GA40 and runs GB4l through GB46. The CA

series conulated of direct climb takeoffs for the best rate of climb from

S-foot bouver poeition. The GE series consisted of takeoffs for the best

angle of clisb from a 5-foot hover position,

' Test Sevies H: Rung H52 cinrough H56. This rest series consisted of 9

}degree approacues conducted at a constant target airspeed of 75

krots.

Test Series 1t Hover-in-ground effect; skid height approximately five

" feet. above ground level. A one-minute sample of noise data was acquired

ﬁieﬁt Series J: Fiighi idle operations; skids on ground. A one-wirute

Vgisg:sgmple was acquired for each of eight directivity angles,

1

fest Series K: Uuver-out-of--ground effect; skid height approximately 70

(21.3 weters), A one-minute sample of nolse data was acquired for

:civity angles,




TABLE 7.1

TEST SUMMARY

Test Series Operational Description
A 500' L¥O IAS = 135 KTS
B 500' LFO IAS = 120 KTS
C 500" LFO IAS = 105 KTS
D 1000" LFO IAS = 135 KTS
E ICAO Takeoff
F 6 Deg ICAO Approach
“GA Direct climb takeoff (Best rate of climb)
GB Direct climb takeoff (Best angle of climb)
RS "9 peg App IAS = 75 KIS
i %I 'iStatic (Hover-in-ground effect)
L U,, ... static (Flight Idle)
L?f 'IEZK A*:f,§2%;ig {Hover—-out-of-ground effect) i
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- dictance corrections to a reference flight path (not implemented in this

DOCUMENTARY ANALYSES

8.0 Documentary Analyses/Processing of Trajectory and Meteorological

Data - This section contalns analyses which were performed to document
the flight path trajectory and upper air meteorological characteristics

(as a2 function of time) during the Dauphin test program.

8,1 Photo-Altitude Flight Path Trajectory Analyses - Data acquired from

the three centerline photo-altitude sites were processed on an Apple 1le
microcomputer using a VISICALC® {(manufacturer) electronic spread sheet
template developed by the authors for this specific application. The
scaled photo~altitudes for each event (from all three pheto sites) were
entered as a single data set, The template‘operated on these data,

calculating the straight line slope in degrees bhetween the helicopter

‘position over each pair of sites. In addition, a linear regression

wag performed in order to create a straight line approximation to
the actual flight path. This regression line was then used to compute

estimated altitudes and CPA's (Closest Point of Approach) referenced to

-: each microphone location (Note: Photo sites were offset from microphone
. 'gitea by 100 feet). The results of this analysis are contained 1n the

c%fﬁfables of Appendix F,

*4‘ 91scuss1on ~ While the photo~altitude data do provide a reasonable

ggescription of the helicopter trajectory and provide the means to effect

veport), there is the need to exercise caution in interpretation of the
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dacra, The folleowing excerpt makes an important point for those trying to
relate the descent profiles (in approach test series) to resulting
acoustical data,
In our experience, attempts by the pliot to fly down a very narrow
VASI beam produce a continuously varying rate of descent, Thus while
the mean flight path is maintained within a reasonable degree of test
precision, the rate of descent (important parameter connected with
blade/vortex interacticas) at any instant in time may vary much more
than during operational flying. (Ref. 6)
Further, care 1is necessary when using the regression slope and the
regression estimated altitudes; one must be sure that the site-to-site
slopes are similiar (approximate constant angle) and that they are in
agreement with the regression slope. If these slopes are not in

.agreement, then use photo altitude data along with the site-to~-site slopes

- 1in calculating altitude over microphone locations,

et
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8.2 Upper Alr (500-2000 ft) Meteorcloglcal Data - This saction documents

the coarse variation in upper air meteorclogical parameters as a function

of time for the June 6 test program.

The National Weather Service office in Sterlirg, Virginia provided
preliminary data processing resulting in rhe data tables shown in
Appeadix H. Supplementary analyses were then undertaken to develop time
histories of various parameters over the period of testing for selected
-i~:'a1t1tudes. Each time history was constructed using least square linear

regression techniques for the five available data points (one for each

launch), The plots attempt to represent the gross (macro) meteorological

trends cover the test period,

!&22_- An examination of the wind data shown in Figures 8,1 and 8.2 shows
Aﬁﬂ. ':fﬁthat at 500 aud 1000 feet the cross wind components remained relatively
L T.fetable, ranging from 6 to 9 knots and gradually decreasing as the day
i\btogressed. At the 2000 foot level the wind speed increased from 10 to 15
_ ‘knots between 5:00am and 9:00am. This, however, would not have zffected
| the flight of the helicopter because operations were conducted below

& 1100 feet AGL.

s e te

:3 -, - During the takeoff operations, between 6:30am and 8:00am, there was a tail

wiud of 5 to 10 knots at the 500 foot level, which then increased to

" Petween 13 and 15 knots at the 1000 foot level, At the 2000 foot level

. ~the wind shifted 180 degrees at a strength of approximately 14 knots.

‘ gbuing thg approach operations, between 8:00am and 9:00am there was a

el

'1781£ght headwind of 4 to 5 knots from ground to 500 feet ALC., The wind

'{jiﬁ,1ncraased at the 1000 foot and 2000 foot levels to 12 kpnots, but at 2000

L x
¥

'Lsﬂ- A ﬁ?;fget it shifted 180 degrees. 1This shift in wind direction had no effect

on the test as all approach operztions were conducted at lower altitudes.
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i

a ‘.‘.‘;'.l‘emneraturc = In Figure 8.3, which presents the time history analysis for
R ‘temperature, one can observe nearly constant temperatures at 1000 and 2000

':«"._:‘f\,fee_;: above ground and a gradual warming trend at 500 feet, At ground

s

-;l.evel there was a gradual increase in temperature between 5:00am and
AT A;"'??:OQ@m, from 13 to 19 degrees C, The plot in Figure 8.3 shows a
’ ;,_-"'temperature inversion between the ground and the 10060 foot level which

%etsisted through out the flight operation portion of the test, The

' f'strengr.h of the inversion was characterized by a 5° (or less) difference

,- .'tggg._wgen temperature in the ground and at 500 feet AGL.




Relative Humidity - As shown in Figure 8.4, relative humidity decreased

12% at the 500 foot level between 5:00am and 8:00am,

This decrease can be

attributed to the burn off of the early morning surface moisture and the

dissipation of the inversion layer.

relative humidity remainded at a nearly constant level of 80%.

As shown in ARP-866A, the relative humidity values paired with the

During the flight operations the

temperature values, for the time period of 5:00am to 9:00am, resulted in a

0.2dB correction for the 125Hz frequency band,
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Discussion ~ In the context of a noise measurement/flight test one
attempts to avoid so-called anomalous meteorological conditions, (see ref,
3) a concept that is difficult to define. 1In the initial paragraphs of
this section, the topic of atmospheric absorption was addressed,

concluding with a statement about the apparent stability in values,

Although the reasons behind the requirement to avoid "anomalous
conditions” arose from concerns involved with atmospheric absorption, one
might extend the requirement to include concerns for smooth flight, and
normal attitudinal operation of the helicopter. While extreme cross wind
components and/or ctrong shifts in wind in the vicinity of the test site
might suggest the presence of buffeting or turbulance, it 1is primarily the
pilot's reported ease or difficulty in flying the helicopter which
identifies a potential problem. While the data do suggest the presence of
wvarigtion in wind speed and directicn, they do not connote an extreme

condition which might lead to concern.

.-« _As a final note, the influence of wind on blade-vortex interactions (a

' f:ptrong function) cannot be completely addressed using the data presented
’in this section, Rather, it 1s necessary to acquire data virtually

f:_concurrent with the flight operations and in very close proximity to the

TR

”‘f:itest helicopter, It 1s anticipated that future tests will employ tethered

balloon systems deployed in close proximity to the test area.




EXPLORATORY ANALYSES AND DISCUSSIONS

9.0 Exploratory Analyses and Discussion - This section 1is comprised of a

series of distinct and separate analyses of the data acquired with the
Aerospatiale Dauphin test helicopter, In each analysis sectiou an
introductorvy discussion 1s provided describing pre-processing of data
(bzyond the basic reduction previcusly described), followed by
preseitation of either a data table, graph(s), or reference to appropriate
appendices. Each section concludes with a discussion of salient results

and presentation of conclusiouns.

The following 1list identifies the analyses which are contained in this

section.

9.1 Variation in noise levels with airspeed for level flyover
operations

9.2 Srtatic data analysis: source direciivity and hard vs. scft
propagation characteristics

9.3 Comparigson of noise data: 4~foot vs, ground microphones

9.4 Duration effect analysis

9.5 Analysis of variability in noise levels for two sites
equidiscant over similar propagation paths

9.6 Vvariation in noise levels with airspeed and rate of descent foi
approach operations

9.7 Analysis of ground-to-ground acoustical propagation for a
nominally soft propagation path

9.8 Alr-to-ground Acoustical propagation Analysis
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9.1 Variation in Noise levels with Airspeed for Level Flyover

Operations -~ This section analyzes the varlation in noise levels for
level flyover operations as a function of airspeed, Data acquired from
the centerline—genter location (site 1) magnetic recording system have
been utilized in this analysis, All data are "as measured”, uncorrected

for the miner variations in altitude from event to event.

The data scatter plotted in Figures 9.1 through 9.4 represent individual
nolse events for each acoustical metric. The line in each plot links the

average observation at each target airspeed.

. Discussion -~ The plots show the general trend that can be expected with an
jncrease in airspeed during level flyover operations. It has been
:if,;tpbqerygdlthat as a helicopter increases its airspeed, two
-gcouatically related events take place, First, the noise event duration
is decreased as the helicopter passes more quickly., Second, the source
;{;coustical emigsion characteristics change. These changes reflect the
‘aerodynamic effects which accompany an 1ncrea§e in speed., At speeds

e
'

"-}§1gher than the speed for minimum power, the power required increases with

o  ;§ha11ow pagabgiic curve. A steep upturn in noise level can occur at
ihThigher speeds as a counsequence of Increasing advancing blade tip Ma h

s

. number effects, which in turn genmerate impulsive noise.




Noise versus airspeed plots are shown for varlous acoustical metrics in

Figures 9,1 through 9.4. Each of these unremarkable plots display a very

weak sensitivity for the range of airspeeds considered.

It is likely thst

the curve would gradually turn upward if higher airspeed data were added.
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¥,2 Static Operations: Analysis of Source Directivity and Hard vs. Soft

Fath Proprgation Charactevistics - This anslysis s comprised of two
principal components. First, the plots shovm in Figures 9.5 through 9,7
dapict the time averaged directivity patterns for various static
operations for measurement sites located equidistant from the nover point,
The gecond compenent involves the fact that one of the twe sites lies
seperated from the hover point by a hard asphalt surface, while the other
lltg is geparated from the hover point by a soft grassy surface. The
differance in the propagation of sound over the two disparate surfaces 1is
raflecced 1n the difference betweer the upper and lower curves in each

plot,

‘Time aversged (e2pproximately 60 seconds) data are shown for acoustical

'fi&:&g&g&gg'— The ploes contained in this analysir dramatically portray the

;ijhﬂxrcctive cature of the Aerospatiale Dauphin acoustical radiation pattern
\fskgt static ;perationa, Furcther, thig analyais reveals a spacially

:gégyntagad difference of 3 to 6 dB in sound levels for sites located 500

K

S '&".\fi
“"feet from = helipad, with one site over a soft surface and the other over

A

‘"";\ fi29 hard surface, Another significant observation is tae marked dip

f}pbn$rv§q in the radistion pacttern oft the right side of the helicopter,

e epeh cese Giscussed below, cbservations concerning noise impact sud

1

'E},,gaceptabiiity are based on consideratism of typical urban/community

. - sablent rolee lavels and the levels of urban transportation noise sources,

RN - .t
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.. range in the low to mid 70's, values which may also be of concern in a

_, areas are separated from the heliport by an acoustically absorbent surface

I
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advantage in situating a heliport ia a location where noise seusitive

In general, the interpretation of environm: ntal impact vrequires careful
consideration of the ambient .ound levels in the vicinity of the specific

helipcert under consideration.

Discussion: Hover in Ground Effect (HIGE) ~ The HIGE data plot, Figure

9,5, shows the marked left side directivity pattern mentioned above. The
sound level values, in the upper to mid 70's for the bard path (at 500
feet), can in some situations (especially wich long duraticu) present an

environmental noise preblem, On the other hand, the soft path values

quiet urban environuent. The point 1s that there ¢xists a significant

such as grass.

Discussion: Hover Cut of Ground Effect (HOCE) ~ The comments made above

B

certainly apply as well in the case of HOGE, a tramnsitional flight regime,
shown in Figure 9.6. A mitigating conslderation, however, is that the
sound levels (AL) in the vicinity of 80 to 85 dB are invariably of the
shorr duration generally assoclated with ingress/egress operations. These

levels are likely to be perceived above other transient transportation

neige sounde
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Discussion: Flight Jdie (FI) - Noise data for the flight idle cperations

are shown in Figure 9.7. As discussed in the case of HIGE, the hardé path
scenario could pose minor concern in certain urban residential

situations,

In all of the cases examined in this analysis, it is evident that ground
surface characteristics play a very significant role in ground-to-ground

prop.gation of sound in the vicinity of a heliport,

s+ . . .. DRUPHINK 5
. . FLIGHT IOLE : '
s 86_4_ . . . . .
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9.3 Comparison of Measured Sound levels: & Foot vs, Ground Microphones -

This analysis addresses the comparability of noise levels measurad at
different heights above the ground surface. The topic is discussed in the
context of noise certification testing requirements. The analvsis
involves examination of differences between noise levels acquired for
ground mounted and 4-it mounted microphone systems. The objectives of
this analysis are as follows: 1) observe the value and variability of
ground/b—ft nicrophone diffeveaces and identify the degree of phase
;oherance and 2) examine the variation with operaticnal

,rconfiguration.

R The data employed in this analysis are from microphone site #1, using TSC

ey

- ~magnetic recordings (Appendix A). The mean differenc-s between the ground

-‘ngqd four foot microphones are shown in Table 9,1 for nine differeat test

=
.

‘tﬁln conducting this analysie, cur inicial assumption was that the
) ;J‘
;:ground-mounited microphone experiences phase coherent pressure doubling (a

“.geasonable assunption at the frequencies of interest). At the 4~foot

"gi§ggphone, one would expect to see a lower value, somewhere within the
Y .

%gggqge of O to ¥ aB, depending on the degree of random verses coherent

foam
f#phase bptween incident and reflected sound waves, It is also pussible to
By - B .

o
jnoinse levels at the 4-foot microphone more than 3 dB below the ground

?ggﬁrophone valuzy, In fact, significant cancellation is observed with

Sk

. -;%-ﬂstaucee of 5 t0 0 gBA(weighted metric) lower levsls at the 4-foot

R




Discussion ~ It 1is argued that acquisition of data from ground-mounted
microphones provides a cleaner spectrum, closer to the spectrum actually
enitted by the helicopter-—that is, not influenced by a mixture of
congtructive and destructive ground reflections. Theoretically, one would
be interested in correcting ground-based data to levels expected at 4 feet
or vice versa in order to maintain equally stringent regulatory policy.

In other woxds, to change a certification limit at a 4-~ft, microphone to
fit a ground-baeed microphone test, one theoretically would have to

'.,w@ . dncrease the limit by an amount necessary to maintain equal stringency.

iExamination of the results in Table %.1 show that most differences do fall
?between 3 and 5 dB, with some differences on the order of 6 dB, These
S ‘ragultsg are consistent with theory and suggest that a degree of

cancellation typically accompanies tne 3dB difference ome would expect

'.f{frpm gonsidepation of phase relationships,

“The varlability in test results between operational modes displays no

5"re£lec; differences in the "acoustical angle” or the angle of incidence at

“the time of msximum noise. These geomatrical factors are also goined by




ARSI YA, 70 T A My 1 W o S T P VL N P WL LT T T T e T L A A S R A e AR -

MELICGPTER: DANPHIN : TABLE 9.1

CLPAPISIN 07

GROUND A3 w T, (1.2 () MACROPHINE DAYA

- e

‘ DELTA dB = (N MIL.) minus (4 FT, NIC.)

. THREET —
TEST e 16

- SERIES COPERATIN L SHE ) SFL AL EPNL. PNLTH

= WYL R 135 5 4.4 .7 €5
DR D N I FE Y 5.3 69

£ W x 6 05 4 .1 5.2 4.3
0w us O S X RY 65 s
' - ‘im 7

Y

75 4.5 2.9 45 4

7% N MA NA N4

R TRKEET 7% 5 45 5 4.5

B I -
ol - BEKECSF 7 3.4 2.3 3.7 5.7

NA




ST TR R TR R R MR L TR MR AWM B D M T PR TR s e T w ot . mm .

9.4 Analysis of Duration Effects - This analysis explores the

relationship between the helicopter noise event (intensity) time—history,
the maximum intensity, and the total acoustical energy of the event, Our

interests in this endeavor include the following:

1) It is often necessary to estimate an acoustical metric given only

5§art of the information required.
2) The time history duration is related tv the ground speed and

',gltltude of a helicopter, Thus any data adjustments for different

altitudes and speeds will affect duration time and consequently the SEL
 (energy metric). The requirement to adjust data for these effects often
o Qrige in environmental impact analysis around heliports. 1In addition, the

‘need to implement data corrections in helicopter noise certification tests

A rephrasing of this question mighr be: If we know the SEL, the AL, and

_{ the 10-dB-dowu duration time (DURATION), can we construct a universal
] - L
567 arigneip Mnking all three?

T FE SR Al IR

EA '_:} PR




Both attempts to establish relationships involve taking the difference
between the SEL and AL (delta), placing the delta on the left side of the
equation and solving as a function of duration., The form which this

function takes represents the differences in approach.

In the first case, one assumes that delta equals some constant K(DUR)

multiplied by the base 10 logarithm of DURATION, {1.e.,
SEL - AL = K(DUR) X LOG(DURATION)

In the second cuase, we retain the 10 x LOG dependency, «onsistent with

- theory, while achieving tle equality through the shape factor, Q, which is
-,_ some value less than unity l.e., SEL-AL = 10 x LOG(Q X DURATION). 1In a

situation where the flyover nolse event time history was represented by a

ua‘jyf-;}gtep function or sguare wave shape, we would expect to see a value of Q

.~ egqualing precisely cne, However, we know that the time history for

o f;ypical non~-impulsive event is much closer in shape to an isoceles

'.ﬁ;riangle and consequently likely to have a Q much closer to 0.5

| ' é};gsu;em such as dipole where Q~T¥/2, quadrupole where Q=I/4, or monopole

£ where Q= I, This can be determined by solving the relationship between Q
«ﬁ&nd the ratio (n/J), where J 1is the value which determines the radiation

.. -‘pattern,

Another pogsible use of this analytical approach for the assessment of

guration effects iz in correcting noise certification test data which were

fﬂﬁggguired under conditions of nonstandard gruund speed and/or distance,
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Discusgion — Each of the noise template data tables lists both of the
duration related figures of merit for each individual event (see
Appendix B). One immediate observation is the apparent insensitivity of
the metrics to changes in operation, and the extremely small variation in
the range of metric values, nearly a comnstant Q = 0.4 and a stable K(A)
value of 7.0, Data have been plotted in Figure 9.8 which show the minor
variation of both metrics with airspeed for the level flyover operational
configurations for the microphone site 1 direct read system. The lack of
variation in the parameters suggests that a simple and nearly constant
dependency exists between SEL, AL, and log DURATION, relatively unaffected
by changes in airspeed, in turn suggesting a consistent time history shape
for the range of airspeeds evaluated in this test. As SEL increases with
' feirspeed, the increase appears to be related to increase in ALy but
'ffaitigaged in part by reduced duration time (and a nearly constant
K=7). |

1-

.. It 18 interesting to note that similar results were found for the Bell 222

"ﬂ.i§011Cther, suggesting that different helicopter models will have similar

‘v.values for K and Q. This implies that it would be unnecessary to develop

)

unique constants for different helicopter mcdels for use in implementing

" acoustical radiation pattern by examining the relationship between Q and
{ " -the ratio fI/J where J reflects the geometric nature of the radiation
JV:}“ pattern., The term empirical aggregate 1s used in acknowledging the
) multi~component characteristics of acoustical radiation from rocating
;f - « airfoils. While the constant J may be of limited use in detalled,

. firet-principal predictive acoustics, there may be uses in many
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seni-empirical engineering applications. As 1s evident, the value of J

(J =I1/Q) determired from this empirical analysis is approximately 8,

FIGURE 9.8
Duration Anclysis
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9.5 Analysis of Variability in Noise Levels for Two Sites Over Similiar

Propegation Paths — This analysis examines the differences in noise levels

observed for two sites each located 500 feet away from the hover point
over similar terrain. The objective of the analysis was tc examine
variability in noise levels associated with ground-to-ground propagation
over nominally similar propagation paths. The key word in the last
sentence was nominally,...in fact the only difference in the propagation
patha is that microphone 1H is located in a slight depression, (elevation
1s winus 2,5 feet relative to the hover point), while site 2 has an
elevation of plus 0.2 feet relative to the hover point. This is a net
ﬁifference of 2.7 feet over a distance c¢f 500 feet. This configuration

1 serves to demonstrate the sensitivity of ground-to-ground sound

propagation over minor terrain variations,

Digcug_:ion - The regults presented in Tabie J.Z, 9.3, aud 5.4 show the

cbserved differences in time average noise levels for eight directivity

1Lq:.ﬁ§ngle8 and the spacial average. It is observed that significant

?djfferanees in noise level occur for the low angle (ground-to-ground)

' 5;'_ #ptopagation scenarios while the higher angle operation (HOGE - helicopter

EEANN

;';“;;30 feet above ground level) reveals a difference of less than 1 dB, It

" _may be concluded that very minor variations in site elevation may lead to

SN £ _;ffereqcas in the measured noise levels for static operations,

2lan -

It 18 also appxopriéta to acknowledge possible variation in the acoustical

fgpurce characteristice. 1In this analysis, data from microphone site 2 are

_f:toméargd with data recorded at site 1H approximately one minute later.
That 1s, the helicopter xotate¢ 45 degrees every sixty seconds, in order

to project each directivity angle; there is a 45 degree separation

H




between the two sites, In addition to source variation, it is also
possible that the helicopter "aim,” based on magnetic compass readings may
bave been slightly different in each case, resulting in the projection of
different intensities and accounting for the observed differences. A
final item of consideration is the possibility of shadowing and
refraction, discussed in following sections, It 1is worth noting that the
same general trends-—similar results for HOGE, disparate results for HIGE
and Flight Idle-—were observed in the test results for the Bell 222 (ref,
8). Regardless of what the mechanisms are which create thig variance, one
can agree that static operations display sound levels intrinsically
varlant in both direction and time, and also potentially variant (all

other factore being normalized) over two nominally identical propagation

V.M:hs"
: TABLE 9.2
. ' COPARISRN OF
- NOISE VERSUS DIRECTIVITY ANGLES
o ' ’ FoR
W0 SOFT SURFACES
WERTION:  HOVER-IN-GROUND :
o DIRECTIVITY ANGLES (DEGREES) Lav(340 DEGREE)
oS 0 5 90 135 180 25 315  ENERGY ARITK.
L0 LG LED  LE LEQ LER L@ LB (EQ  LEQ
:.}3?' e
ST ' N NS .4 9.8 WA 5.7 8.2 M 1.3 N
BT 2 - M3 N2 88 N 82 M M 737 M 762
T DELTA 68 -3.3 <57 -4 53 -9 M NA N M 5.5

Sl
By

-# OELTA dB = (SITE 1N) minus (SITE 2)
!,_!FSHE 14 DATA FROM MNAGNETIC RECORDING SYSTEN; SITE 2 DATA FROM DIRECT READ SYSTEM.

“Note: All data represent mean values for sample periods of
approximately 40 to 60 seconds,

€8




TABLE 9.3

OPERATION:  HOVER-0UT-OF -GROUND

DIRECTIVITY ANGLES (D2GREES) Lav{340 DEGREE:

SITE 0 a5 90 13 8 25 24 %S ENERGY  ARITH,
LR LEG (B LEe e LE0  LEW  i€Q  iE0 LG

SOFT 1M 778 M8 7479 W8 81 81 73 8.3 0
SOFT 2 720 WO 8 9.3 822 8.6 8.3 797 Bl 0.2
DELTA o8 R R AR R B R

#DELTA DB = (SITE IW) MINUS (SITE 2)

. ¥ SITE 11 AND SITE 2 DATA FROM MADNETIC RECORDING SYSTEM,

Notwe: All data represent mean values for sample periods of
) approximately 40 to 60 seconds.

TABLE 9.4

COPERATION:  FLIGHT IDLE

DIECTIVITY AVGLES (DEGREES) Lav(360 DEGKEE)

T em v & W 1B 10 25 a0 315 ENERSY  ARITH,
T Tm e W W e e e W W L
ST 1M e W T M5 @2 63 M M3 et
CSET 2 . 88 M P4 & & B4 B W1 M7

’ MLTA H -3.3 m 1.5 4,3 2-2 '7;‘ NA "548 NA '3_-9

* DELTA dB = (SIVE i) ninug (SITE 2)
&% SITE {H DATA FR7M M.GNETIC RECORDING SYSTEM; SITE 2 MATA FRON DIRECT KEAD SYSTEM.

Note: All data represent mean vzlues for sample pericds of
approximately 40 to 60 seconds.




9.6 Variation in Noise Levels With Airspeed for 6 anac 9 Degree Approach

OEerations ~ This section examines the variation in noise level between 6
and 9 degree approach operations. The appropriate series "As Measured"
acoustical data contained in Appeudix A, have been tabulated in Table 9.5

and pletted (corrected for the minor differences in altitude) in Figure

':9.9. The objective in conducting this analysis is twofold: first, to

evaluste further th: realm of "Fly Neighborly” operating possibilities,

and second, to consider whether or not it is reasonable to establish a

‘rang? of «pproacii operating conditions as allowable in a noise

cercification testing,

- Discussion - In the approach operational mode, impulsive {(banging or

slapping) acoustical signatures aie a result of the interaction between

vortices {generated by the fundamental rvotor blade action) colliding with

" successive swezps of the rctor blades (see Figure 9.10). As reported in

Teferance 7, for certain helicopters, maximum interaction occurs at
airspeaeds in the 50 to 70 knot range, at rates-of-descent ranging from 200

to 400 feet per minute. When the rotor blade enters the vortex reglon, it

"*txperiencea local pressure fiuctuations and associated changes in blade

wloading. These perturtations and resulting pressure gradients generate

the characteristic impulsive signature,

SR PN - IR S

et e : TABLE 9.5

Variations in 6 and 9 Degree
Approach Operations

APPROACH SITE 5 SITE 1 SITE 4

ANGLE AVERAGE L, AVERACE Ly AVERAGL Ly
N 87.5 85.6 84.3
- As measured
- 89.8 84,8 81.8
- A8 measured
A : £8.8 85.5 83.1
© Adjusted ' _

#averege Ly for 9 de;cee approach adjusted for difference in
£ltituda between the 6 and 9 degree approaches.,
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The data presented in Figure 9,9 portray the variation in noise level
along the ground track as th approach angle changes (with airspeed held
nominally constant). There appears to be a marked but small change in
noise level for the operations examined. 1t is nciza that a more
exhaustive series of testing which would include 5 or 6 airspeeds for each
approach angle would be necessary to establisn definitively the potential

benefic of "Fly Neighborly” approach procedures.

1he other significant observation involves the classic problem of
! . improving tuc situation at one point while making things worse at anothe:,

This 1g the casc with ¢ degree approach--mavrginally culeter (-1 dB) at one

point and warginally louder (+1.5 dB) at another point, relative to the 6
degree approach, While the 1 to 2 dB differences are of littlg conceyn,
rhe potential for big lmprovement and simultaneous derogation (in noise
~level) musrt be considered wheﬁ ceveloping an effective "Fly Nefghboly”

prograu.
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9.7 Analyais of Ground-to-Ground Acoustical Propagatiun for a Nominally

Soft Fropagation Path - This analysis involves the empirical derivation of

propagation constants for a nominally level, "soft” pzth, a grouud surface
composed of mixed grasses, As discussed in previous analrses, tix: z2veral
physical phenomena involved in the diuinution of sound over distance sakes
1t necesgary to draw upon all pertinent theory to explain tlhe varicus

results obtained.

A-weighted Leq data for the three static operational modes HIGH, HOCR, and
Flight 1dle, have been analyred in each case for eight diiferent
directivity angles. Divect read scoustical data frowm sites Z and 44 tave

been usea to calculate the propagaticn constants {K) as followsn:
K = (Leq(site 2) - Leq(site 4))/Log (2/13

where the Log (2/1) factor represents the doubling of distance

dependency {Site 2 is 492 fect and slte 4H ig 984 fect from tie hover

¥or each mods of operatisa, the average (uvver variour directivity anglex)

.“propagation constant his also becn computed,.

. 7 u,;‘-‘ 5
YT Tebls 9.6 and the results ars summarized in Tabie $.7.

e

At first glavce the reruits muay appear scmeswhwt dietcaessing and

.. incoasistent. Howgver, upon cousideration of the chaage fn spacival
content between diffevent operational scenariow, onc may apprisch a deglee

of understanding, The following pavagraphs stfempt to interpret the

trendn we observe.




Discucsion -

HIGE - In the case of HIGE, one must ccnszider the aggregate influence of
@spreading loss, along with the lumped effects of "ground~to-ground
attenuation.” The potential exists for refraction effects as well, which
night result in shadowing or focusing of sound. The observed rate of
attenvation (somewhat unusual) which reflects a grouping of these

effecta, reasvlting in a net value of approximately 20,

~ AOGE = In the case of HOGE, several changes take place. First, the

Lt e e —
L "

\H<§7ﬁa11copt¢r le at an sltitude of approximately 70 feet above ground level,

_?eaulting in less tondenzy for excess ground attenuation, Secondly, the

frequency wspectra shift toward a greater dominance of middle frequency

4
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ﬁ-yz; msrcurizl matvure of ground-to-ground peopagation of helicopt:r noise
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'ﬂfgﬂ Very eviden; from examinzrlion of the results prasented anc discussed

e, Ths primavy aforystion vaiwwe of these resvits can perhaps be

thi rate of dimipution fn gound wil) vary with opzretional mode,

. #Lthough etromg temperature inversicn was not predent at the time

of stetic cperetions, experiers. gained in the Bell 222 test

(vef. 8) leads to the followi.y useful observations. The
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influernce of temperature inversions, typically encountered early
on summer mornings, is significant on surface propagation of
sound (giving rise to strong refraction effects)., This

in turn leads to the following axiom: avoid early morning nocise
assessment/flight testing of helicopters in the static
operational modes,

3, Vhile the issue of selecting a representative ground-to-ground
attenuation value to use in conducting environmental noise impact
analyses remaing unresolved, considerable research in this area
continues. In the interim, a K value cn the order of 25
{L.es,AdB = 25 log (dj/d3)) will provide a working

.. approximation for calculating ground-to-ground diminution of

..... d level over nominally soft paths cut to distances
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TABLE 9.6

DATA UTILIZED IN COMPUTING EMPIRICAL
PROPAGATION CONSTANTS (X}

DAUPHIN
4-4-83
SITE &A-HOVER DaTA

“HISE o HOEE - rLY. IDLE
1-0 0.1 Yo 701 J-0
1-214% 4.1 K-315% 2.8 J-315
12 N K-270 73.9 J-270
1-22% N K223 75.3 J-22%
1-180 X K180 75.2 J-180
1-13% 862 ¥-138 .1 o-13%
1-90 G TS BTN, 5 T3 o
145 i =4S 74,2 J-45
‘3*‘-'{,.‘;:5 o :_.'< Ty - . .
Chose . FLT, IBLE
4.9 ) n.? p
74.4 K313 8.1 J-3i5
L 8.4 C N
rcB \'\’\".f?ﬁ 82;3 J-224
7.6 8T 0.7 J-580
7‘.2 )“"333 ?'-’at :':s
LK% & W09
L [ %)

- 489
78,1

78
73,4
&
EA
7.4




TABLE 9.7

EMPIRICAL PROPAGATION CONSTANTS (KD

EMISSION HIGE HOGE FLT 1D
ANGLE K K K

-_civves e

————— - - —

e T
4 VR
i

: ’uuW%RAGﬂE CALLULATED WITHOUT 13% DEGRERE DATA (37.54)

pe




9.8 Accusticaerropaggtion Analysis - The approach and takeoff operations

provided the opportunity to assess emp "ically the influences of spherical
spreading and atmospheric absorption. Through utilization of both noise
and position data at each of the thrge flight track centerline locations

, {microphones 5, 1, and 4), it was possible to determine air-to-ground

propagation constants.

The propagation constants (one would expect) would reflect the aggregate
~influences of spherical spreading and atmospheric absorption. It is
_assumed that the acoustical source characteristics remain constant as the

helicopter passges over the measurement array. In the case of a 60-knot

approach or takeoff, a helicopter would require approximately 10 seconds

to travel the distance between measurements zites 4 and S.

In hoth the cagse of rhe aingle event inteneity metric  A)

.event energy metric, SEL, the difference bstween SEL and AL is determined

‘iior each psir of centerline sites, 7Thu delta in each case is then equated

1

with the bsse ten logarithy of the respective altituds ratio multiplied by .

 the propagatiocn constant (gichgr KB(AL} or KP(SEL), the valu~s to be

“hdatermined,
O - i ‘- '
ST R

.Deta have alsc been analyzed from the 500 and 1030 foot jevel flyover

centerlins sites (5, 1, and 4) iu tne process of arriving at the

 propagaticn coustant,

level flyover
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calculations are presented in Table 9.15, 1In addition, level £flyover data

reported for the Bell 222 helicopter (ref., 8) have been further analyzed

o b K

and are presented in Table 9.16. Level flyover data are summarized in

Table 9.17.

TABLE 9.8 TABLE 9.9 ‘TABLE 9.10

HELICOPTER: DALPHIN HELICOPTER: DAUPHIM HELICOPTER: DAUPHIN

TEST DATE: 4-6-83 TEST DATE: 4-6-83 TEST DATE: 6-6-83
OPERATION:  1CAQ TAKEOFF OPERATION: UIRECT CLIMB TAKEOFF OPERATION: DIRECT CLIMB TAKEOFF
(BEST RATE OF CLINB) (BEST RATE OF CLIMB)

NIC. 5-4 NIC. §5-4 MIC. 5-4

CRVRNTNO.  KPGAL)  KPUSEL) EVENT ND.  KPCAL) KP{SEL) EVENT NO.  KP(AL) KP{(SEL)

E24 NA NA @y 23 17 B4l 2.3 2.4
€27 .4 133 638 17.3 14 GR42  18.1 13
g8 2.2 153 6r37 20,4 14,4 6843 18.4 13
E25 W8 18,3 844 17,5 19.4
E30 0.3 15.9 AVERAGE 203 15.2 6845 162 12.9

€31 @37 154
£ B35 in2 SO, PV 2.9 .98 AVERRGE 205 15,6

£33 15.2  15.4
5.9 9% C.l. 489 2.4 STh. DV 4.65  4.40

1.59

114
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TABLE G.11 TABLE 9.12
HELILOPTER: DAUPHIN HELICOPTER: DAUPHIN
TEST DATE: 6-4-83 TEST DATE: 4-4-83
OPERATION: 4 DEGREE APPROACH (1(AD) OPERATION: 9 DEGREE APPROACH
NiC, 5-4 MIC. 5-4
EVENT NO.  Ke(AL) KP(SEL) EVENT N0.  KP(AL) KP(SEL)
F36 27.8 16 H53 42.4 8.7
F44 35.9 25.6 H34 38.4 24.3
F4? 48.5 5.7 H53 42,3 2.9
N F48 23.8 14.7 36 33.4 19.3
S - - F49 234 12.9
o F30 33.9 20 AVERAGE 3.1 23.8
e AERAGE 325 STD. DBV 4,26 3.7
. ',;t".ﬂlg.'; s e
” fé%¢:§4€§ ;?iﬁfsyb' ) 9.16 .73 904 C.1. 3.01 4.55
£ 3.80

TABLE 9.13
o ﬁf{ SR Sumsary Table of Propagstion Constaiis
A £ . " for Two Approach Oparsticns
*: koL AR B 15 Degree -
R MR '{ ICA0) Approach 32.5
":‘:~ _ - 9 Degree 39,1
A Approach
B i ‘:V . ; '? '
e DA 'év!;g. 35.80

80
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TABLE 9.14

Summary Table of Propagation Constants
for Tnree Takeoff Operations

ICAO Takeoff 21.2
Direct Climb Takeoff 20.3
(Best rate of climb)
Direct Climb Takeoff 20,5
{Best angle of climb)
Average 20,67
. TABLE 9.15
n . LEVEL FLYOVER PROPAGATION ANALYSIS
|
T Microphoue Microphicne Microphone Weighted
Do Site 5 Site 1 Site 4 Average
W EY Ne=a3g N=38 Ne~8
S TS00 W9 vy AL ~ 78,8 AL = 78.5 AL = 77.8
3 ‘_ ,'-_‘. 0’- 1.5 0. l.‘« 0 - 104 78.38
5 g - — —
a0 LI} N=35 N=35
21000 .9 Vg A = 71.8 = 7..8 A = 71.1
. e S g 0.8 J = 1,0 g= 1.2 71.57
R AdB = 6.8

X o dB/log(1000/500)
K= 6.6/003
K= 22.67




TABLE 9.16

VARIATION IN LEVEL FLYOVER NOISE
LEVELS - Bell 222%

Average Lpy for Three
Operation Microphone Sites (6 eveats)
500°' 79.8
at 9 v
11000' 71.5
at ,9 Vue
ANdB = 8,35
K(P) = 8.35/(log 1000/500)
= 27.8
% Reference &
T TAKLE 9.17
o L”",ﬁggu:;xﬁgzﬁi :
Lo Bednkee . Suumary for Level Flyover Operations
_ .3*5*\“!‘) " Helicopter *: Propagation Constant (k)
o TRE AT R e g -
o Bell 272 27 .8
(O N
:',‘,;‘-"' - ek AeD:os}plztiile
.‘ ) 3. nauphin < 22.7
.“Ji‘.T

Average 25.25
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APPENDIX A

Magnetic Recording Acoustical Data and Duration Factors
for Fiight Cperations

This appundix ccatains magnetic recording acoustical data acquaired during
fiight operations., A detailed discussion is provided in section which
describes the data reduction and processing procedures, Helpful cross
references include measurement location layout, Figure 3,3; measurement
equipment schematic, Figure 5.4; and measurement deployment plan, Figure
5.7, Tables A.a and A.b which follow below provide the reader with a
guide to the structure of the appendix and the definition of terms used
herein,

TABLE A,a

The key to the table numbering system is as follows:

T&ble No . A. 1" 1 . 1

&

Appendix No,

Helicopter No, & Microphone Location

Fage No. ot Group

centerline--center

G centerline-center(flush)
sideline 492 feet (1350x) scuth
sideline 492 feet (150m) notrth
centerliine 492 feet (150m) west
centerline 617 feet (188m) east

Microphons No.

WV WN - -~
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APPENDIX T

On-Site Meteorological Data

This appendix presents a summary of meteorclogical data collected on-site
by TSC personnel using a climatronics model EWS weather system. The
aremometer and temperature sensor were located 5 feet above ground level
8t nolse site 4, The data collection is further described in Section 5.5.

Within each table, the following data are provided:

Time( EDT)
Tempervature
Humidity
Windspeed

Wind Direction

Remarks

expressed in Zastern Daylight Time

expressed in degrees Fahrenheit and centigrade
expressed as a percent

expressed in knots

direction from which the wind is blowing

observations concerning cloud cover and visibility
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APPENDIX H
NWS - TAD Surface Meteorological Data
This appendix presents a summary of meteorological data gleaned from
measurementg conducted by the National Weather Service Station at Duiles.
Readings were noted evey 15 minutes during the test., The data acquisition
18 described in Section 5.5.
Within each table the following data are provided:

Time(EDT) time the measurement was taken, expressed in
Eastern Daylight Tipe

Barometric expressed in inches of mercury
pressure
Temperature expressed in degrees Fahrenheit and centigrade
Humidity relative, expressed as a perceat
Wind Speed expressed in knots

Wind Direction direction from which the wind is moving
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APPENDIX G

NWS Upper Air Meteorological Data

This appendix presents a summary of meteorvlogical data gleaned from
National Weather Service radiosonde (rawinsonde) weather balloon
ascensions conducted at Sterling, VA. The data collection is further
described in Section 5.4, Tables are identified by launch date and launch
time. Within each table the following data are provided:

Time expressed first in eastern standard, then in
Eastern Dayligzht Time

Surface Height height of launch point with respect tc sea level
Upight height above ground level, expressed in feet
tPressure expressed in millibars
»Thmperatute expressed in degrees centigrade
Relative expressed as a percent
Humidity

Wind Direction meagured in the direction from which the wind is
blowing

N

% s Wind Speei expressed in knots




HELICOSTER:  DAUPHIN TABLE F.7
TEST DATE:  4-4-83

OPERATION:  DIRECT CLIMB TAKEOFF (BEST RATE OF CLINMB?

CENTERLINE SIDELINE
KIC ¥ NIC ¥ MiC ¥4 MiC #2 HIC 43 RE6.
EST. EST. EST. EST. ELEV EST. ELV  ANG  ANG A6 O/D
EENT N0 ALT. PALT. AT, PALT. AT, PALT.  CPA  ANG  CPA ANG 5.1  1-4  S-4  ANGLE
- GA37 117,9 108.8 171.% 163.6 214.2 205.1 321 19.2  518.8 19.6  4.40 480 5.5 -]
6A38  122.7 113.8 175.2 167.5 217.2 208.2 9522.3 19.6 520.1 20 4,20 470 5.48 4.9
B8R39 1045  99.3 1527 1447 189.6 182.4 515.2 17,2 513.4 17.4 5,30 4,40  4.83 4.3
GA0  114.2  111.2  169.1  146.9 212,99 214 520.3 1¢ 518 19.4 4,20 7,50 5.81 3.1
Bl 1772 1574 294 N 20 3523 559 313 S8 M N N 112D 112
MELICOPTER:  DAUPHIN TABLE F.8
TEST DATE: 4-4-83
GPEMTION:  DIRECT CLING TAKEOFF (BEST ANGLE OF CLINB)
CEMTERLING SIDELINE
HIC #5 HIC W1 MIC 84 NIC 02 NIC 13 REG.
ST, EsT. £SY. EST. ELV EST. ELV MG A A6 D
VNTM0 AT, P-ALT. AT, P-T. ALT, P-ALT, CPA ANG  CPR ANG 51  1-4 54 ANGLE
61 75 M 5.8 2939 3642 323 S 39 822 M M 680 M 6B
A 1817 1655 290 2042 3569 0.4 5657 9.6 5996 0.2 11,30 .80 10.09 9.
UG 199.5 1746 337 W97 40A7 3780 SB35 325 575.8 332 1540 290 11.68  10.6
CUogeM 237 19 3.8 3165 4188 963 S92 307 5683.2 344 1420 9.2 173 106
OGS 2209 195.9 MT.6 3236 4773 N 4035 354 4105 M 1460 N M 146
HELICOPTER:  DAUPKIN TABLE F.¢9
ATEST OATE: 6660
- OMERATION: 9 DEGREE APPROACH :
P T :.'\:“... '\Ip 1
CENTERLINE SIDELINE
MIC 85 NIC 8 MIC 84 MIC 2 MIC 43 REG.
RS EST. ST, EST. EST. ELBV EST. ELEY AN A ANG LD

LU RRNT NG AT, P-ALT. ALT. PALT. AT, PALT.  CPA ANG (P ANG 51 14 5-4 ANGLE

853 268,39 231.3 383.3 1.6 M9 458  623.7 37,9 14,8 38,5 12,40 11.10 11.86  10.7

W HmA 1.8 2609 389.1 3795 476 4529 427.2  38.3 4Ie.8 389 13.40 8.50 11.04 10
Ty 300 3053 401.7 7934 449.3 458 435.2 3.2 28,4 397 9.00 B.60 8.82 7
Tn, NiS6 2785 2609 3054 8.8 470.6 4529 425 381 416.6 384 12.40 970 1104 9.
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HELICOPTER: DAUPHIN TABLE F.5
TEST DATE:  ¢é-é-83
OPERATION:  1CAO TAKLOFF

CENTERLINE SIDELINE
HIC 45 NIC 8 NIC %4 MIE #2 MIC #3 RES.
£sT. EST. EST. EST. FELEV EST. ELEV  ANS A6 AW O
BBNTND  ALT. P-ALT, ALT. PALT. AT, P-ALT, P4 ANG  CPA  ANG  5-1 -4 S-4 ANGLE
E26 228.4 213.6 3011 2863 3.8 Ne 5268 A5 9804 A 84D M M 84
E27 255.6 235.5 352.3 346.6 429.3 408.1 6050 35.6 598 34,2 1270 2.0 9.95 9
£28 2670  NA 3485 3353 413.4 400.2 4029 5.3 4064 N N 250 M 25
E29 256.6 238.2 341.1 33e.0 408.4 3688 5987 347 5926 352 11,50 590 8.0 7.8
E30 244 224 3269 3284 33 I3 0.7 336 5849 340 12,00 5.00 851 2.7
31 248.4 2265 343.8 342.9 419.9 3963 6002 M5 933 3.5 1330 4N 9.5 89
£32 233.8 215.8 3227 3145 3937 347 5884 3.3 5622 333 1.0 L 9.7 8.3
€33 2267 211.4 3085 300 374.2 358.4 5809 A1 SIS 324 1020 &8 850 7.4
HELICOPTER:  DAUPHIN TABLE F.6
=}
o TEST DATE:  6-6-83
OPERATION: 6 DERREE 1CA0 APPROACH
CENTERLINE SIDELINE
MIC 85 MIC 8 NIC §4 NIC #2 NIC M3 REG.
EST, EST. EST. EST. ELEV EST. ELEV A6  ANG  ANG O

VBT RO AT, P-ALT. AT, PALT. AT, PALT.  CPA A6 CPA ANG ST 14 54 ANGLE

F3§ 322.6 312.3 384.3 N 4241 4138 6255 381 620.5 N M N 5.89 3.9

: Fi4 204 283 3567 34z qu5.4 7.8 407.8 34 6033 3.3 640 640 4T 5.6
.- ~F47 2988 292.3 3444 3349 3807 I 4005 35 597.2 3.3 490 4.40 478 ¢.2
c o F4Y 2963 284.3  356.6 332 4051 925 407.8 3¢ 603.3 363 7.8 470 5628 3.4
F49 3046 292.3 34829 360 40%.4 3943 6114 344 407 34,7 7.80 420 £.03 v
“F30 293.9 280.4 349.6 360 430.1 414.3 4154 349 40984 373 .20 450 7.66 7
F51 298 0.3 3305 33.9 3727 3.8 §97.8 3.6 5048 39 520 I 4.33 3.9

T AR R AT TR TSN, N 1A
EATE R E NIRRT LT L T




HELICOPTER: [DAUPHIN (ABLE F.3
TEST DATE:  6-6-83
OPERATIGN: 500 FT FLYQUERCH.7#WH)/TARGET 1AS=105 KTS

CENTERLINE SIDELINE

MIC 5 NIC ¥ NIC ¥4 NIC #2 NIt B REG.
£sT, EST. EST. EST. ELEV EST. ELEV~™ ANG ANG NG /0
EVENT N3 ALY, PALT,  ALT. P-ALT.  ALT. P-ALT, CPA NG cra AN 3-1 !

—
1
E-3
N
[1
E-
(1]
[
m

€15 53%.1  S10.1  583.3 N2 4997 500.7 703.8 45.54 704.3 N ) Na -0.55 -4
C16 481.8 481.6 476 479.6 4714 470.9 4Bd.o  44.1  485.1 4 -0.10 -0.90 -0.é2 -.4
C17 4953 4943 439.2 M 435.5 4B6.5 493.8  44.3  494.3 A M M -0.57 -9
Ci8  493.2 491.3 498.64 S00.1 502.9 %500.7 700.5 45,4 00 454 100 0.0 0,55 ]
C19 4846 442.8 459.3 ] 43 4862 4731 43 4737 M NA N -0.48 -.4
€ 476.1 477 475 473.8 4741 475.2  483.9 44 484 4 -0,30 0.20 -0.10 0
RELICOFTER: DAUPHIN . TABLE F.4
TEST DATE:  4-6-83
OPERRTION: 1000 FT FLYOVER(D.9#VH)/TARGET 1AS=1335 KT
v CENTERLINE SIDELIKE
NIC 85 MiC 1 NIC ¥4 HIC ¥2 NIC ¥#3 RE6.
EST. EST. EST, EST. ELEV  EST. ELBV ANG ANG ANG /0

CEVENT N ALT. P-ALT.  ALT. PALT.  ALT. P-ALT. CPA NG CPA ANG 5-1 1-4 5-4  ANGLE

N2l M5T M55 ULS b 732 933.2 1837.7 62.3 1038.8 ] i W -0.72 -.6
022 1032.1 1020 104i.7 1064 1049.3 1034.5 1152 44.7 1150.9 4.7 5.0 -3.30  0.94 .7
D23 9.2 999.9 994.6 N 971.%  992.6 1109.6 3.7 1116.1 M NA M -0.43 -3
D4 97,2 9784 974 973 .5 972.9 1091.2  ¢3.2 091,84 3.2 -0.50 6.00 -0.3z -2

T 2

o of'i Lo

A A A A A SE SR R A IRV Rt S WS GRS S LTS, VLY, B
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HELICOPTER: DAUPHIN TABLE F.1
TEST DATE:  4-4-83
COERATION: 500 FT FLYOVER(U.#VH)/TARSET 1AS=135 KTS
CENTERLINE SICELINE
NIC ¥5 NIC ¥ MIC ¥4 MIC 42 NIC #3 REG.
ESTY. EST. EST. ESY. ELEV  EST. ELEV NG NG ANG c/D
EVENT RO  ALT. P-ALT. ALT. P-ALT. ALT. P-ALT, CPA ANG CPA MANG 5-1 1-4 5-4  ANGLE
Al NA 462.4 NA M NA NA NA NA NA NA NA NA N2 NA
A2 NA  442.3 NA N - NA NA NA N NA NA NA NA NA M
A3 N 414.2 NA ) NA NA NA NA N NA N NA NA NA
Al 3987 393.8 423  418.1 447.3 NA 448.9 40.7 450.3 N 2.80 MA NA 2.8
A3 484.2 444 484.8 NA 484 484.2 490.7 44.4 490.8 N4 N N -D,13 0
A6 303.8 503.1 S06.6 906.6 508.9 308.2 706.2 45.8 705.9 45.9 0.4C 0.20 0,30 3
&7 478.6 478.5 4719.4 M 479.8 479,77 é84.9 41,3 684.% NA NA N 0.07 A
A8 491.2 451.3 494.3 4935 500.4 S00.7 498.9 45,3 498.4 45.3 0,30 0.80 8.5 9
AY 4B85.2 484.4 4848 MA 484 484.2 490.7 44.6 490.8 ) 7} NA N -0.13 0
Al0  507.3 S504.8 S505.4 5121 303.9 500.7 705.4 458 7055 45.8 0.90 -1.,20 -0.24 -4
ELICOPTER: DAUPHIN TABLE F.2
YEST DATE:  4-4-83
OPERATION: SO0 FT FLYOVER{D.8#i)/TAREET 1AS=120 ¥TS
CENTERLINE SIDELINE
NIC #5 MiC §1 MIC 04 MIC £2 MIC ¥#3 REG.
EST. EST. E5T. EST, ELEV  EST. ELRV ANG ANG ANG €/
BUENT NO - ALT, P-8T, ALT, P-ALT,  ALT. FLT. P ANG CPA AN 9-1 -4 5-4 ANGLE
811 475,y 474.2 484.4 N 492.9 491.2 492 44.7 491 HA N NA 0.99 1
B2 440 452 4599 455.4 459.9 4624 473.5  43.1 4735 431 -0.70  0.80 0.02 0
813 492.1 493 434,46 N 483.3 484.2 492 M.7  £92.5 MA NA N -0.58 -.4
Bi4  443.1 439.8 445.1 451.6 446,86 442,5 463.4 42,1 443.)  42.1 1.40 -1.00 0.14 2




APPENDIX F
Photo—-Altitude and Flight Path Trajectory Data

This appendix contafins the results of the photo-altitude and flight path
trajectory analysis.

The helicopter altitude over a given microphone was determined by a
photographic technique which involves photographfng an aircraft during a
flyover event and proportionally scaling the resulting image with the
known dimensions of the ailrcraft. The data acquisition 1s described in
detail in Section 5.2. The detailed data reduction procedures is set out
in Section 6.2.1; the analysis of these data is discussed in Section 8.2

Each table within this appendix provides the following information:

Event No. the test run number
Est. Alt. estimated altitude above microphone site
P-Alt. altitude above photo site, determined by

photographic technique

Est. CPA eastimated closest point of approach to microphone
site
Est, ANG Helicopter elevation with respect to the ground as

viewed from a sideline site as the helicopter
passes through a plane perpendicular to the flight
track and coincident with the observer location,

ANG 5-1 flight path slope, expressed in degrees, betweea
P-Alt site 5 and P-Alt site 1.

ANG 1-4 flight path slope, expressed in degrees, between
P-Alt Site 1 and P-Alt Site 4.

o

ANG 54 ‘flight path slope, expressed in degrees, between
P-Alt Site 5 and P-Alt Site 4.

‘fﬁi  f1 :pﬁg C/D Angle ~flight path slope, expressed in degress, of
R : regression line through P-Alt data points.

. - -
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Cockpit Observer Data: Tables E.2.1-E.2.3

In addition to the cockpit photographer, an FAA flight test observer from
the FAA Southwest regional office (lead region for rotorcraft
certification) recorded data during each event of the Dauphin test, That
data 18 included here as further documentation of the helicopter
ingstrument readings during the tests.

Each table provides the following information:

Event No, This event number along with the test date
provides a cross reference to other data.

Event Type This gpecifies the event.

Time of Obserations The time of the range control synchronized clock
consistent with acoustical and tracking time

bases.,
Heading The compass magnetic heading which fluctuates
around the target heading.
IAS Indicated airspeed, a fairly stable indicator.
Altimeter . Specifies the baromeiric altimeter reading, one

of the more stable indicators,

‘Temperature The ouytside air temperature, in degrees

centriorade_
entigrade.

Rotor Speed Main rotor speed in RPM or percent, a very
stable indicator,

Torque The torque on the main rotor shaft, a fairly
stable value.

Fuel The amount of fuel in each engine, expressed in
kilograms,
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APPENDIX E
Cockpit Instrument Photo Data and Observer Data
Cockpit Instrument Photo Data: Tables E.1,1-E.l

During each event of the June 1983 Helicopter Noise Measurement program
cockpit photos were taken. The slides were projected onto a screen
(considerably enlarged) making it possible to read the instruments with
reasonable accuracy. The photos were supposed to he taken when the
aircraft was directly over the centerline-center microphone site.

Although this was not achleved in each case the cockpit photos reflect the
helicopter "stabilized"” coufiguration during the test event, One
important cavtion 18 necessary in interpreting the photographic
information; the snapshot freezes iastrument readings at one moment of
tine whereas most readings are constantly changing by a small amount as
the pilot “hunts" for the reference condition. Thus fluctuations above or
below reference conditions are to be anticipated, The instrument readings
are most ugeful in terms of verifying the region of operation for
different parameters. The data acquisition i1s discussed in Section 5.3

Each table within this appendix provides the following information:

Event No. This event number along with the test date providesg
a cross reference to other data.

Event Type This specifies the event.

Time of Photo The time of the range contrel synchronized clock
congistent with acoustical aad iracking time
bases.

Heading The compass magnetic heading which fluctuates

around the target heading.

Altimeter Specifies the barometric altimeter reading, one of
the more stable indicators.

I1AS Indicated airspeed, a fairly stable indicator.

Rotor Speed Main Rotor speed in RPM or percent, a very stable
indicator.

Torque The torque on the main rotor shaft, a fafrly stable

value,
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TABLE D.1

STATIC OPERATIONS
DIRECT READ 0ATA
(ALL VALUES A-WEIGHTED LEQ, EXPRESSED IN DECIBLES)

DAUPHIN

6-6-83

SITE 2 (SOFT SIT¢)

HIGE HOGR FLT, IDLE

1-0 74,90 K-8 7.7 J-0 69.90
1-315 74.40 K-313 80.10 J=315 78.10
1-270 N K-270 80.60 J-220 76.00
1-223 NA K-223 82.80 J-225 73.40
1-180 82.00 K-180 82.70 J-180 45.00
1-135 75.10 K-139 79.10 J-135 49,00
1-90 74.80 K-90 80.00 J-90 70.40
1-43 74,20 K-43 86,80 J-43 NA

SITE 4 (SOFT SITE)

HIGE HOGE FLT. IDLE
1-0 48.10 K-0 70.10 J-0 63.00
1-315 48.10 K-315 71.80 J-319 71,20
1-270 76.10 K-270 73.%0 J-270 69.30
1-225 72.90 K-225 75,30 J-225 46,00
1-180 79.40 K-180 75.20 J-180 53,20

, 1-135 66.30 K-135 73.20 J-135 57.70

' 1-90 71.590 K-90 71.30 J-90 42,90
1-45 71.20 K-43 24.20 -45 £1.40

SITE SH (HARD SITE)

HIGE HOGE FLT.IDLE

I1-0 74,30 k-1 82.50 J-0 74.40
1-315 72.80 K-319 86.10 J-315 77.80
1-270 £8.90 K-270 85.80 J-270 78.30
1-225 85,20 K-225 87.20 J-225 26,20
1-180 a1.90 K-180 84.60 J-189 7710
1-135 A2.50 K-135 85.20 J-133 4.9
i-90 77.40 K-90 76.30 J-90 60.30
1-43 80.50 K-45 82.80 J-45 25.60




APPENDIX D

Dir<ct Read Acoustical Data for Static Operations

This appendix contains time averaged, A-weighted scund level data (Leg
valuesg) obtained using direct read Precision Integrating Sound Level
meters. Data are presented for microphone locations 5H, 2, and 4 (see
Figure 3.3),

A description of the measurement systems 1s provided in Section 5.,6.2, and
a figure of the typical PISLM system is shown in Figure 5.4. Data are
shown in Table D-1, depicting the equivalent sound levels for eight
different source emission angles. In each case the angle is indexed to
the specific measurement site, A figure showing the emission angle
convention is included in the text (Figure 6.1). In each case, the Legq
‘(or time averaged AL) represents an average over a sample period of
approximately 60 seconds,

Quantities appearing in thils xppendix include:

. HIGE Hover—in~-ground~effect, skid height 5 feet above
Lo ' ground level
 HGGE " Hover-out-of-ground-effect, skid height 3G feet
SN * above ground level
" Flight Idle .- Skids on ground

Ground Idle Skids on ground
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APPENDIX C
Magnetic Recording Acoustical Data for Static Operations

This appendix contains time average, A-weighted sound level data along
with time average, one-third octave sound pressure level information for
eight different directivity emission angles. These data were acquired
June 6 using the TSC magnetic recording system discussed in Section
5.€.1,

Thirty-two seconds of corrected raw spec.ral data (64 contiguous 1/2
second data records) have been energy averaged to prodvce the data
tabulated in thie appendix. The spectral data presented are "As Measured”
for the given emission angles established relative to each microphone
location. Alsn included in the tables are the 360 degree €eight emission
angle) average levels, calculated by both arithmetic and energy averaging,
The data reduction is further described in Section 6.1. Figure 6.1
(previously shown) provides the reader with a quick reference to the
emission angle convention.

The data contained in these tables have tzen used in analvses presented in
- Sections 9.2 and 9.7. Tbe reader may cross reference the magnetic
recording data of this appendix with direct read static data presented in
Appendix D,
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HELICOPTER: DAUPHIN TABLE B.9.3
TEST DATE:  4-4-83
OPERATION: 9 CEGREE APPROACH

MIC SITE:

RUN NO. SEL(DB)  AL(DB) T(10-DB) K¢a)

H32 3.3 85.2 12 7.9
H53 88.9 7%.6 16 7.7
H54 50 81.1 16 7.4
K33 92.1 84 13 7.3
36 9.5 81.4 1 2.6

AVERAGE 91.00 82,30 i4.40 7.50
N J 3 5 ]

ST0.08V. 1.74 2.28 1.93 17

$0% C.1. 1.46 2.18 1.84 .16

.02

.02




TEST DATE:  6-4-83

RN NO. SEL(DB)

HELICOPTER: DAUPHIN

[r.-r;(.“'-( SRR R AL P L A T e T T A TR T AT A A N TS

TABLE B.9.1

OPERATION: 9 DEGREC APPROACH

MIC SITE: k]

AL(D8) T(10-DB) K(A)

W2 %43 88 M M M
W3 9% W4 M M M
HSA 955 898 N M M
S WS % 9.2 M M M
' W6 %49 8 M M M
AERAGE 9530 89.40
N 5 5
o SO0V, 0M L%
- W 0.0 1.4
HELICOPYER: DALPHIN TABLE 8.9.2
T TEST OATE:  6-6-83
e f R PPERATION: 9 DECREE APPROACH
\‘ MIC SITE: 1
" " RN NO. SEL(B) ALDB) TC10-DR)  K(A) 0
| ! . -'.,- ";
T oG T NS 955 619 12 7 K
S M3 9 88 13 2.6 5
W4 9i 839 12 2.6 4
W5 942 863 11 7.4 .S
56 94,1 7 0 2.1 5
AVERIGE 9340 85.40 1160 7.40 K
i N H 5 5 5 s
. STLOEV. 180 227 L4 .27 .3
’nv 99'/- C-l- 1-72 2'16 1-09 o2‘ 153

........




HELICOPTER: DAUPHIN TABLE B.3.2
TEST DATE:  4-4-83

OPERATION:  DIRECT CLIMB TAKEOFF (BEST ANGLE OF CLIMB)

MiC SITE: 1

RIN NO. SEL(DB)  AL{DR) T¢10-DB) K(A) 4
6841 9.7 88.1 13| 4.3 )
6842 9 87,6 19 6.4 .4
6843 92.9 84.2 12 4.2 .4
6844 93.7 86.7 12 6.9 N
68435 92.7 8¢ 12 8.2 Y

AVERAGE 93.40 84,50 11.40 4.30 4
N 5 b) S S ]
STD.DRV, 0.82 0.90 0.89 12 .02

907 C.1. 8.78 0.86 0.85 12 02

HELICOPTER: DAUPHIN TABLE 8.8.3
ffmm DATE:  4-6-83

© " 0PGRATION:  DIRELY CLING TAKEOFF (BEST ANGLE OF CLING)

T NIC SITE: 4

; ~RUN NO. SEL(DB)  AL(DS) T(10-DB) KA 0
":f;' T

Do EYeRAL 919 8 12 6.4 A4

RRTECNRPESF L7 I /R - B 12 4.3 4

wLLr oo 6843 907 63,8 13 42 o

S 6044 90,8 63.8 12 45 4

8845 904 83 15 4.3 4

CLUGYUWERBE 910 8400 1280 4,30 o

N 3 3 5 S 3
STD.OEV. 0.7 .89 1.30 A1 .02
90 C.1.




HELICOPTER: DAUPHIN TABLE B,7.3
TEST DATE.  4-~4-83

OPERATION:  DIRECT CLIMB TAKEOFF (BEST RATE OF CLIMB)

MIT SITE: ]

RIN NO. SELCDB)  ALCDB) T(10-DB) K(R) Q
6A37 93.7 87.3 8 6.9 3
6A38 94.2 88.4 3 6.2 9
6A39 94.3 88.2 9 8.4 3
6A40 93.4 82.2 9 L ]

AVERABE  94.00 8790 8.5  4.50 5
N 4 4 4 4 4
STO.0V.  0.35 0,64 0.8 3 .03

9074 €.1. 0.41 0.75 0.68 .35 04

SR LEE T HELICOPTER: DAUPHIN TABLE 8.8.1
" JEST DATE:  6-6-63

= _COPERATION:  DIRECT CLIMB TAKEOFF (BEST ANGLE OF CLIME)

Y

MIC SITE: 5
o U RINMD. SELCDB)  ALCDE) TCI0-DB) KA 0
: eset 965 9.3 M M M
B2 957 90.4 M M NA

... 6843 947 895 M M )

TaY o GBMe 95,3 889 N M M

“ gp45 94,7 88.4 M N )

CAVERAGE 9540 89.70

M Ry 5 !
SO0V 0.7 .14

w7 C.1. 0.72 1.11




HELICOPTER: DAUPHIN TABLE B.7.1
TEST DATE:  ¢-4-83

OPERATION:  DIRECT CLIMB TAKEOFF (BEST RATE OF CLIMB)

MIC SITE: 5

RN ND. SEL(DB)  AL(DB) T(10-DB)  K¢a) g

6A37 981  93.% M N M

68 977 92.9 M M )

6% 979 93.3 M M N

640 96,9  92.2 M Ny M
AERABE  97.70  93.00
N 4 4
STD.OBY.  0.53  0.57
0% €. 0.62  0.48

¥ HELICOPTER: DAUPHIN TABLE B8.7.2

TEST DATE:  6-4~83

OPERATION:  DIRECT CLIMB TAKEOFF (BEST RATE OF CLIMB)

NIC SITE: 1

ALLDEY TUIO-DB) KA g
90.4 7 63 5
9.6 7 64 5
91,5 6 44 .5
9.4 745 .5
90.80  £.80  4.40 5
4 4 4 4

0.4~ 0.50 A3 .02

2.53 0.59 BE] 03

R




HELICOPTER: DAUPHIN TABLE B.4.2
TEST DATE:  4-4-83

CPERATION: 1000 FT FLYOVER(G.93VH)/TARGET 1AS=135 KTS

NIC SITE: §

RUN NO. SEL(DB)  AL{DB) T(10-DB) K¢A) 4
4] 81.1 72 19 7:1 A

D22 61.3 1.4 20 7.4 5

022 8.7 73.2 15 7.2 3

024 8.8 2 19 2.7 3

025 82.4 73.8 18 8.9 .4
AVERAGE 81,20 72.50 18.20 7.30 ]
N H] 5 3 5 3

STD.DEV, 0.50 0.99 .92 34 .04

904 €.1, 0.48 0.94 1.83 .33 .04

SR LR ELIUOPTER:  DAUPHIN TABLE B.4.3
T TESTOATE:  6-6-83
L ' A;__pe_mnmx 1000 FT FLYOVER(O.9#H)/TARGET 1AS=135 KT8
e U NIC SITE: 4
R R L . 7

S ST CRUNNO, SEL(DB)  ALCDB) TCI0-DB)  KeA) 0
e 7 8 7201 18 74 4
| VRO S E R ¥ 2 17 .5
| 024 o1 7 0 7.7 5
025 824 748 1449 4

CMEMGE 8130 7220 1780 2.0 K

R TR s 5 5 5 8
©OSTOEY.  0.48 1.8 335 .35 .03




..........

HELICOPTER: DAUPHIN TABLE 8.5.1
TEST DATE:  4-4-83

OPERATION:  1CAD TAKEOFF

MIC SITE: 5
RN N, SELCDB)  ALGDB) TC10-08)  KeA) 0
2 M M oM M oM
E7 953 8.2 M0 M M
E8 956 8.9 M0 M M
5 955 8 M0 oM m
B0 958 ®7 M0 oMM |
E31 951 3.5 ) M ) h
E2 954 87 M0 M m
B3 957 897 M0 M M
B4 1000 7.3 M oM M
ARAGE 9600 90.36
N 8 8
SO0, 145 307 o
SO, Ll 26 '
i
o " HELICOPTER:  DAUPHIN TABLE B.5.2
. o uST e 66 | ¥
R L o OPCRATION  10AD TAKEDFF A
, : NIC SITE: 1
, RN MD. SELCOO) ALDB) TC13-DB)  K(A) 0
% Me m L X 5
| B W3 %7 12 7S
€8 93 g2 I % S
' m 9303 “ol ,2 ‘n? l‘
£ N3 @3 10 62 4
o M €1 937 4.8 1 b6 4 2
R 32 935 85 u 47 .8
j £3 939 84 f0 7.3 s
N EM 9.3 967 3 5S4 .
?"‘
"‘ . ¥ , m 94!50 sa-m 9.70 ‘l“ -5
; N 9 9 9 § 9
SO0V, 186 1M 278 . .

eI, 1.49 2,04 1.70 34 .04




HELICOPTER: DAUPHIN TABLE B.5.3

TEST DATE:  4-4-83
OPERATION:  1CAD TAKEOFF

MIC SITE:

RN ND. SEL(DB)  AL(DB) T¢10-DR) K(A)

E26 93.2 85.4 12 1.2
E27 92.3 84.4 13 6.9
28 92.7 8.5 i3 8.5
E29 91.8 84.8 13 8.3
EX 92.3 85.5 12 6.3
3] 91.4 83.1 14 7.4
32 91.5 83.3 13 7.4
£33 92.3 84.4 12 5.9
£34 98.2 0.4 q 4.7

AVERASE 92.90  86.00  11.80 6.30
N 9 9 § 9
$TD.0EV, 2.07 3.48 2.99 92

04 .1, 1.28 2.8 1.85 7

, ‘ " HELICOPTER: DAUPHIN TABLE B.6.1
: .f ,-:i : " TEST DATE:  4-4-83

S OPEWTIONG & DEGREE 1CAD APPRIACH

MiC SITE:

“ RN NO.  SELCDB)  AL(DB) T(10-DB)  K(A)

F35 911 84,4 NA N
v o "FI§ 2.4 859 N NA
R AR F4¢  94.4  8B.4 ] N
Cowl T e o 7 953 89.8 N4 NA
- ' F48 95  88.4 M )
- CF 952 88, M NA
e FS0  95.8 894 ) N
F5:  93.9 86 NR M

AVERAGE 94,20 87.40

N 8 8

Ly - SOV, 143 1.88

B WiCI. 109 1.2

ZEZFEEEE

4




HELICOPTER: DAUPHIN TABLE B.4.2
TEST DATE:  4-4-83
OPERATION: 6 DEGREE ICAD APPROACH

MIC SITE: 1
RUN NO. SELCDB)  AL(DB) T(10-DB)  K(A) Q
F35 937 822 10 6.5 4
F36  90.5 829 13 4.8 A
FA6  93.2  85.7 10 7.5 %
F&7 943 87,4 10 6.9 .5
FAB 943 94,5 12 7.2 3
Fa9 94 861 13 7.1 .5 ;
FS0 944 84.6 12 7.2 R g
F51 948  89. 9 é 4 B

AVERAGE 3.0 8s.40  11.10 6.70 ]
N 8 8 8 8 8
STD.DEV, 1.3 1.726 1,35 .48 05

S e, 08 18 1.4 3205

HELICOPTER: DRUPHIN TABLE B.4.3
TEST DATE:  4-4-83
OPERATION: & DEGREE 1CAQ APPROACH o

¥ MIC SITE: 4

C RN SELOB AL TU0-DB KA 0

. ) s wma 6§ 58 .5
" TR 90,5 8.6 1 7.4 N
T X T

SR w6 #7130 7q 0

THE 93 mMe 13 73 5

M 929 81 13 7§

925 M 13 2. s

Pt %28 86 11 45 4

MEMBE 92,60 8530 140 200 5

N 8 6 7 7 7

§T0.08V. .M 2.6 2,57 6d .04

504 C.1. 1.03 1.76 1.89 .48 .03




HELICOPTER: DAUPHIN TABLE 8.3.3
TEST MTE:  4-4-83

OPERATION: 500 FT FLYOVER(D.7#VH)/TARGET 1AS=105 K15

NIC SITE: 4

RUN NO. SEL(DB)  AL(DB) T(10-DB) K(A) 1
£15 85 76.8 14 7.2 5
€1 83.1 77.3 13 7 o3
tn NA MA 13 1) M
Ci8 85.5 2.2 13 7.9 3
t1? 8.3 77.4 13 7.1 o
L2 85.1 8.8 13 2.5 o3

AVERAGE §.20 7740 13.20 7.2 S

N 5 3 6 5 5
. SO0V, 0.2 0.28 0.4 21 .03
AR, '
S wicl, 049 022 0.3 02 .03
HELICOPTER:  DAUPHIN TABLE B.4.1
L TEST DATE:  4-4-83
- COPERATION: 1000 FT FLYOVER(O.9¥UH)/TARGET 1A3=135 KTS
) R MIC SITE: 5
T I gnm SEL(DB)  AL(DB) Ti10-DB)  K(A) 0
§ ewo o w0 84 MBI M M M /
ol DR B2 n M N M '-
&3 87 Mg ) N4 M
+ 024 84 N9 ) NA M

| OMEREE 250 7330

-

8T0.DEV, 0.17 0.47

WL CL, 045 043




HELICOPTER: DAUPHIN TABLE 8.3.1
TEST DATE:  4-4-83

OPERATION: 500 FT FLYOVER(D.7#WH)/TARGET 1AS=105 KTS

NIC SITE: 5
RN NO. SEL(DB) ALCDE) TC10-DB)  K(A) g
G5 849 73 M M M
C6 6854 777 N M M
07 8.2 774 MM M
(8 852 7.2 M M M
Gy 854 776 M M M
0 855 72 M M M
AERGE  85.30  77.40
N 6 6
e SO0V, 0.2 0.4
. wCl. 048 0,20
0o HELICOPTER: DAUPHIN TABLE 8.3.2
' TC5T DATE: 4683
R .- OPERATION: 500 FT FLYOVER(D.79H)/TARSET 14S=105 KT
. | HIC STTE: 1
L CRINNO, SELCDB) ALCDR) T(10-D8)  X{A §
s 82 7.9 1325 5
'. el -}‘-‘616 0517 77-8 12 7-3 -5
S ST M 88 7S 12 74 .5
- - Cs 853 7M1 13 2.4 5
o ¢y 857 717 12 7.4 5
* €0 856 7.4 12 7.4 .5
om R AVERASE 8550 77,40 12,30 7.4 5
TN é 6 6 6 s
SOV, 021 0.3 052 .05 .01

$0% C.1. 0.17 0.29 0.42 04 .01




¥

ey
3

HELICOFTER: DAUPHIN TABLE B.2.2
TEST DATE:  4-6-83

OPERATION: 500 FT FLYOVERCO.B¥WH)/TARGET 1AS=120 KTS

MIC SITE: 1

RUN ND. SEL(DB) AL(DB) T(10-DB) KA} a
i1 85.9 78.1 i1 7.5 3

B12 8¢ N i M NA

Bi3 83.6 78.3 11 7 ]

B14 88.9 78.4 10 10,2 1
AVERAGE 85.40  78.30  10.80 8.20 Y
N 4 3 L 3 3

§T0.DEV. 1.49 0.2% 0.50 1.2 ) |

¥ £.1, 1.76 0.42 0.59 2.9 52
© 7 HELICOPTER: DAUPHIN TABLE B.2.3

~ TEST DATE:  4-4-83

- OPERATION: 500 FT FLYQVER(D.B#VH)/TARGET 1AS=120 KT$

MIC SITE: 4
CRUN N SELCDB)  ALCDB) TCIG-DB)  K(A) Q
BMi 849 77.8 1 48 5

B12 852 77.8 noo7 5

813 85 72.5 12 4.9 5

B4 853 7.8 12 4.9 5
CAVERAGE 8510 7220 11,50 7.00 5
N 4 4 4 4 4

51000V, .18 0.15 .58 12 02

907 C.1. 0.21 0.18 0.48 14 .02



HELICOFTER: DAUPHIN TABLE B.1.3
TEST DATE:  ¢-4-83

OPERATION: 500 FT FLYOVER(O.9#UH)/TARGET 145=135 KTS

I SITE: 4

RN NJ. SEL(DB) AL(DB) T(i2-D8) KA 0
Al 87.9 80.1 1§ 7.1 9

A2 98 80.7 10 7.3 9

A3 84.4 79.8 i0 6.6 3

Ad 89 82.4 9 6.7 3

A5 8.9 78.5 13 6.6 A

Ad 85.7 78.7 1 6.7 )

a7 85.9 78.3 13 4.8 .4

A8 8.7 78.8 10 é.9 29

A? 85.5 78.3 12 8.7 4

A0 85.2 78.9 1 6.4 4
AVERAGE 86.50 79.40  11.00 6.80 o
N 10 10 10 10 10

o #-‘f,

§T0.DEV. 1.24 .39 1.33 .25 .04

$0% C.1. 0.723 0.81 0.77 A% 02

WELICOPTER:  DAUPHIN TABLE 8.2.1
©JEST DATE:  4-6-B3

7".0?E;MT1£N: 300 FT FLYIVERCD.84UH)/TARGET JAS=120 KTS

MIC

<

ITE:
sime

en

L BT RN SELOB AR TOO-DB KA 0
OB 86 BY O M M M

B2 654 B2 M M M

B3 849 7.8 M M M

B 86 M2 M M M

- AVERAGE 85.50  76.50
N 4 4
STD.DEV, 0.4 0.4

s0% C.1. 0.54 0.75




’

HELICOPTER: DAUPHIN TABLE B.1.1
TEST DATE:  4-6-83

OPERATION: 500 FT FLYQVER(D.9%VH)/TARGET 1AS=135 KT$S

NIC SITE: 5

RN NO. SELCDB) AL(DB) TC10-DB)  K(A) 0

Al 8  78.3 M M NA

A2 8 9.1 N N NA

A3 N " N NA M

Al 50 80.7 M NA N

AS 857 76.8 N N N

A6 864 4.6 N N N

&7 8.4 5.1 N N NA

A 859 764 N N NA

A9 865 75.2 N M N

A0 85.5 7% M M NA
MNERAGE  86.80  77.10
N 9 9
STO.OR). 141 1.8
WG, 0.8 1.16

. HELICOPTER: DAUPHIN TABLE B.1.2

. TEST DATE:  6-6-83

OPERATION: 500 FT FLYOVERCO.9#UH),TARGET 1AS=135 KTS

mic $i1E: i

RN N, SEL(DB)  AL(DB) TCI0-DB)  KC) e
AL Bl e 9 7.3 6
A7 885 812 0 7.3 5
A3 813 805 I 5
M0 829 M M N

A5 845 7. 12 69 5

A6 86,3 7 0w 2.3 5

A7 865 789 13 4.8 .4

A 864 79.3 0 7 5

A 862 78.7 13 82 A

Al 858 785 0 2.3 5
AVERAGE  672.20  79.90 1070 7.0 5

N 10 10 9 9 9
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APPENDIX B

Direct Read Acoustical Data and Duration
Factors for Flight Operations

In addition to the magnetic recording systems, four divect-read, Type-l
noise measurement systems were deployed at selected sites during flight
operations. The data acquisition is described in Section 5.6.2.

These direct read systemn collected single event data consisting of
maximum A-welgated sound level (AL), Sound Exposure Level (SEL),
integration time (T), and equivalent sound level ("7Q), The SEL and dBA,
as well as the integration time were put into a compurer data file and
analyzed to determine two figures of merit related to the event duration
influence on the SEL energy dose metric, The data reduction 1is further
described in Section 6.2.2; the analysis of these data is discussed in
Section 9.4,

‘This appendix presents direct read data and contains the results of the
helicopter uoire duration effect analysis for flight operations. The
ﬁirect read acoustlical data for static operations is presented in
‘Appeundix D.

. Each table within this eppendix provides the following information:

“Rnn No, The test run number
SEL(dB) Sound Exposure Lavel, eapressed in decibels
AL(4B) A-~Weighted Sound Level, expressed in declbels

T(10~dB)  Integration time

; - K(A) " Propagation constant describing the change in dBA with
< aiastance
; 3 Time hiistory "shape factor”
R Average ~ The average of the coluan
' 1.N Semle size
¥ l%gtd Dev Stendard Deviaticn
Z?OZ c.I. Ninety percent confidence interval
T i Mic Site The centerline mircophone site at which the measurements
v : C ware taken

w -4

3 -
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TARLE MD. A.1-5.3

AERDSPATIALE SA-365M HELICOPTER (DAUPHIN) DOT/TSC
10/14/83

SUMARY NOISE LEVEL JATA

#:G MEQSURED *

SITE: S CEKTERLINE ~ 180 M. EAST JUHE  6,198%

1 SEL A SEL-Aw K(A) @ EPNL  Pila  PNLTa K(P)  OASPLa DUR(A) DUR(P) TC

- - ——— T e T L S ——_ -—— ———

"TAKEDFF -~ TARGET 1AS 75KTS. (T/0 FRON HOVER)

B W7 933 A4 59 0.5 1031 1064 1089 57 954 55 85 25
AN 974 T4 48 59 05 1029 1059 1084 58 %49 &5 40 29

8AM 9.6 934 4.2 5.6 0.5 1031 1064 1094 57 93 55 5.0 27

M0 967 9.3 44 57 0.5 1020 1055 107.6 5.6 948 60 60 2.2

B Mg, %7 29 44 58 05 1028 1061 W8S 57 994 59 5. 24
. By 04 65 02 02 00 05 05 07 01 07 05 05 03
DR e0nel 85 06 03 0.2 0.0 046 A5 08 01 08 0.6 06 04

<.+ AMKEDFT — TARGET 1AS 7SEYS, 1{/0 TROH GROSNG)

9.2 9.4 49
%3 W G0

59 0.4 S 1A 1065 6.2 92.6 7.0 &3 34
6
9.5 ®.6 19 3.
é
b

1 05 - 102.9 105.8 - LATY N T - 2.9
8 99.7 102.2 104.9 5.9
20 %4 100.3 101.2 1047 4.1 2.2 9.0 85 35
2 99.6 100.9 103.9 4.5

5.8 892 5.9
1.4 88 5.6

Tap. 9.0 @99 52 60 04 1003 1021 105.2 2 )
Yeaite 9.7 10 05 0.2 06 0f L1 10 03 10 L0 L& 03
Sarct 07 1.0 04 03 00 10 10 10 63 )

9.5 88.6 5.0 6.3 0.4 9B.6 1017 1027 44 988 9.0 835 09
9.6 9.4 5.5 65 05  99.4 1029 ¥4 63 %4 7.0 8D 0.6

.6 9.4 55 60 d4 9.6 1032 1043 59 NG 8¢ 8.0 1.d

™8 WE S50 59 6.5 987 1025 108.% &3 W3 70 80 06

95.1 B9.4 5.7 6.3 6.5 9.2 3034 1041 50 1000 8.0 7.5 0.9

dvg. 953 €98 55 &2 0.5 991 107 1034 62 993 7.8 80 09
S IBU Y 0.6 09 04 02 0.0 04 0.6 07 03 0.7 0.8 94 0.2
L %oz 0.8 0.4 0 0.9 0.4 0.6 0.7 0.2 0.7 0.8 0.3 0.2
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JIKE 6,198
OASPL DUR(A) DUR(P)

KiP)

PHL.TR

[P

TARLE M0, A.1-5.2
AS MEASURED #
CENTERLIRE - 188 M. EAST
EPNL  PiLa

AEROSPATIALE SA-340M HELICOPTER (DAUPHIN)

——

Y0 FT. FLYOVER -- TARGET 1S 135 KiS.

?

SUIMARY NOISE LEVEL DATH

]

 SITEs

GEL  Alm SEL-Ale K(A)

13

n"

.0 %24

91.% 92.3

93.7
92.5

.6
9i.8 91.8 93.2

95.8 96.9
92.4
91.6

93.9

.2
91.2 ¢o1.4

1.6 92,0 93.2
90.1

92.1
94,2
91.1

00000000

20282738
.

67666665

NV YNCIeS
46.67.77677

5336490&.

LEgRERER

50’ ‘184“

szgddsds

RTLESPTE

o

100

22&

N ™

1.5
1.0

1.3
0.5

7500 F1. FLYVER — TARGET 145 120 KTS.
S0 FT. FLYOVER -~ TARBET 145 105 KTS,

-----

55551.5
oooooo

s oem

GO O DI

. FOR TQ_!’»‘EH’H}RE,HMIVDIU,M AIRCRAFT DEVIATION FROK REF FLIGHT TRACK

R - BYISE iMEEXES CALUIRATED USIMG WEAGURED DATA UNCORRECTED

.En-.
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AEROSPATIALE SA-345% HELICOPTER (DAUPRIN) 00T/¥5C
10/14/83
SUMNARY NOISE LEVEL DATA
AS NEASIRED #
SITE: 3 CENTERLINE - 183 M. EASY AME 46,1983

€& SEL A SEL-Me KiM) @ EPNL  PWRa  PMLTs K(P)  0ASPLs DURCA) DUR(P) TC

 wa— - ———— o e are——

: b DEGREE APPROACH ~- TARGET [AS 75 KI5, (iCAD)

BA7 5.7 65 03 5.4 9.6 99.4 6.7 93.2 8.0 80 0.7
8.1 62 6.2 0.8 964 99.6 1006 6.1 9.3 0.0 9.0 1.0
8.2 63 48 04 8.5 101.7 102.4 6.0 977 105 10.0 0.8
89.3 %53 4.1 N4 98.4 100.6 102.2 A5 96.2 9.0 9.0 1.6
8.2 64 &7 05 978.7 101.8 102.9 6.1 8.4 9.0 7.5 1.3
8.0 70 70 0% 99.1 1019 1028 4.6 .2 10.0 9.0 1.1
8%.3 &4 b4 04 99.1 102.0 103.0 6.3 .6 100 9.0 1.0
86,2 7.8 7.1 05 93.3 100.0 10i.2 4.6 9.2 125 124 1.2
25 &5 65 03 $8.0 100.8 101.8 4.4 %8 9.9 %4 14
i .6 08 WO i.4 i3 1.3 a3 .8 1.8 L2 9.3
14

€4 03 00 69 o8 0.9 0.2 1.2 0.9 0.8 0.2

.3 893 3.9 62 0.4 1004 101.1 1048 4.0 89.9 9.0 83 3.7
9%.4 834 40 6.2 0.4 100.0 100.9 1042 6.0 89.2 %5 9.0 313
0.5 W6 59 40 04 9.8 i01.2 104.5 4.8 8.3 9.5 7.9 34
ni MY 62 63 0.4 996 9.8 03T 53 888 95 w0 LS
94,9 8.8 B3 5.9 0.4 100.4 101.4 1049 5.9 B5.8 9.5 90 3.5
MNd 80 62 6.1 04 9.9 100.2 103.8 4.2 8.7 103 9.5 3.4

SR 7 Y—
e 8.1 58 60 0.4 1004 1017 1049 60  %.a 9.0 835 3.2

Lifvg, 94,6 88.6 6.0 6. 0.4 1001 100.9 1043 4.1 674 9.5 89 1S
gtAy 0.4 0.6 0.2 0.1 09 0.4 0.7 04 0.1 25 0.3 0.8 0.2
0.1 .1 0.6

CEGIREELL 03 04 0. 0.0 0.3 05 0.4 0.4 0.4 0.1
"'ﬂ-f-": : ?’:"- S ' - * .

3

.

3" - WGISE IMDEXES CALCWAATED USIND MEASURED DATA UWCORETCTED
- VIR TEWPERATURE, MUNIDITY,OR AIRTRAFT DCVIATION FROW REF FLIGHT TRaCK




TABLE ND. A.1-4.3

AERDSPATIALE SA-365R HELICOPTER (DAUPHIN) DOT/TSC
10/14/83
SUNMARY NOISE LEVEL CATA
AS MEASURED *
SITEr 4 CENTERLINE - 150 M. WEST JIE  6,1983

-8 SEL  As SSl-Alm KM @ EPML  PMa  PMLYe K(P)  OASPLa DURCA) DUR(P) TC

- - ——mw  Samewee e ——— ————— wme  wmeas  mowe

TAKEDFF -- TARGET 1S 75 KV5. (T/0 FRON HOVER)
BA3? 92,9 #7.%

_ 5.8 62 0.4 97.9 100.0 102.5 4.0 9.0 83 8.0 25

GA38 93,3 88.0 5.3 59 0.4 98.3 100.5 103.4 5.8 8.1 890 7.0 2.9

. BA3Y 925 864 6.1 b4 0.4 97.7 99.8 101.9 6.8 8.1 9.9 9.0 2.0
M0 91 85 64 85 0.5 97.1 98.6 1011 4.2 2.2 9.3 935 25

< Avge 92.6 868 5.9 62 0.4 97.8 99.7 102.2 6.9 88.6 8.7 8.4 2.5
sty 06 19 04 03 0.0 0.5 0.8 1.0 0.2 1.0 0.6 1.1 0A
N :901 € 67 4.2 05 0.3 0.0 06 1,0 L2 02 1.4 0.8 1.3 095

" TAKEDFF — TARGET 145 75 KIS, (T/0 FRON GROUWD)

R4 01 83,7 67 04 958 95.
oA LS 843 66 04 9.2 9.1

7.4 ¥8.8 84.6 13.0 110 3.5
7.2 99.4
Lo hniBRA3 904 831 2.3 45 0.4 5.2 9.9 98.4
STNE N 8.0 97.2
8 97.0

8.7

6.4 8.1 12,8 115 34
8.6 g4.4 13.0 105 3.5
7.1
6.9

0.3 82.3 69 0.4 94.7 942

s 0.3 145 1.0 3.0
oM 9 R4 7B 45 04 WS 94

83.3 5.5 125 33

2 67 84 137 113 34
£ 03 08 13 08 0.2
0.2

N7 8.1 73 0.4 5.0 9.9 9.
H i
it 03 0.7 1.2 07

g 6.6
Dy 0.6 09 04 0.2 00 07 1.0
;?‘WZN °06 oss °l3 0.2 °.° °|7 1.0

;' ' .' ﬂ" Hl. 3.3 7.5 0-5 "-5 Wll 99-1 5-9 95-0 1205 12.0 1-0
‘.fs-ﬁa e 7Né 24 77 05 9.4 2.1 O 7.8 952 165 160 0.9
g B3 K3 90 746 05 7246 93 94 2.3 2.8 155 150 0.9
e 913 3 €9 69 0.4 932 9.0 982 4.8 937 145 12,0 1.1
;’bﬁb WO W9 %2 73 05 NS S 957 70 L9 180 10 1)

i
Tk vg. 9085 BLE 8.8 74 0% 940 950 9.0 7% 933 154 13.8 1.0
ﬂxmw 1.7 2.2 0.4 03 040 1.8 25 2.6 05 1.4 21 18 0.
1.4 23 04 03 0.0 1.7 2.4 25 0.4 1.1 2.0 1.7 0.1

E) mtﬁ JHBEXES CALCULATED UCING MEASURED DATA UWCORRECTED
m mwgmm,mmm,oa AIRCRAFY DEVIATION FRON REF FLIGHT TRACK




JNE 64,1983

AS HEAGURED *
CENTERLINE ~ 150 M. WEST

TABLE NO. A.1-4.2
AEROSPATIALE SA-365N HELICOPTER (DAUPHIN)

SUMMARY NOISE LEVEL DATA

4

SITE:

: i@V w@M T MO Qe M
[ B . . - & w L ]
I 122111!1 O o vl guq o=t cloo
e NeCoAING N oSN My
Ei Sedaw dmed s Shge deo
< N oINNeS <o Qe =oim
- - - PRy
= gongdndd 3-e aR8 g%
m.m 70547457 s Mo oM« ew . th:
3 <
g £eg8gges §7° 3388 ge< 336388 go dzggd & -
£
3
£t Me2eRe%non o <N e SENMO®R  —oiny ML 1N =
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zl mRSEeRE g SErEe RO &L B LIELE & m
, . woe BB
a1 sMeIeisd 1% ~ETe NIn St S 2%33T 332 8
E] RERNRERE T SEER LTe LERETE 2 REFSE @ mm
hl’
. fpam b
& H 29160643 e O O VAW BG 987509 G\ DO mMUn wTww Mm
) . % 9 " s g ® . 0 3 l7'70~’l l71ﬁ‘"°l ILII‘- ‘-0-0. -
) -t
& 2HEeSBEE SO SB58 8°° | LoHE8E 5 IBIIE 3 o
mm
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TABLE RO, A.1-4.1
AEROSPATIALE SA-365H HELICOPTER (DAUPHIN) DOT/TSC
10/14/83
SUMMARY NOISE LEVEL DATA

S MEASURED ¥

SITE: 4 CENTERLINE - 150 M. WEST MNE  6,1983

M BEL-Alm KR @ EPNL  Pilla  PHLTe K(P)  OASPLm DUR{A) DURIP) TC

———— ——n aeamsee smee -—— r——— ———— musee —ewe -—-

1 2
B

6 DEGREE APPROACH -- TARGET 145 75 KY5, (ICAD)

FI5 923 874 52 5.7 0.4 956 989 998 6.3 954 8.0 85 0.9
CF3 83 807 81 7.5 0.5 926 938 95.0 7.4 924 120 120 1.2
45 0.8 830 7.6 69 04 98 965 9728 6.6 927 13.0 1.5 1.3
CFA 921 el 8.0 6.9 0.4 95.8 975 98.8 6.5 939 140 1286 1.3
“FM8 92.4 BA2 8.2 7.2 0.3 962 927 990 6.7 941 140 12,0 1.3
LFA9 927 BT 84 7.0 0.5 965 983 9.4 6.5 A7 140 125 1.2
YN 925 6Ad 8.4 67 0.4 960 9,7 928 74 9.6 125 130 1.
#3928 8.9 68 45 0.4 9.3 %5 9.8 &3 B4 1S U0 13
i e 8.3 7.5 6.8 0.4 955 97.2 984 67 940 130 1.6 1.2
S 1.9 11 05 9.0 1.3 16 14 O .1 27 1.4 ot
- . l 3 On‘ o 4 °c° 0.9 lal 1.1 01.3 0-3 1.8 0.9 0-1
o ANKEQST ~~ TARGET 148 75 KTS. (1CAD)
924 854 7.3 7.0 05 9.0 9.0 9.9 A9 869 11.0 105 2.9
91.6 635 8.4 7.0 0.4 964 959 9.3 69 8.0 145 11.0 3.6
018 840 7.8 68 0.4 970 9,9 9.6 67 BLI 140 13.0 3.9
9.9 8.9 7.9 68 0.4 958 951 983 6.4 834 145 135 I
91.5 B2 7.2 67 04 965 9.6 997 6.5  BALY 12,0 11.0 3.1
91.0 €2.3 87 7.4 05 959 9.7 9.7 7.3 8.0 140 135 2.9
CUER 910 @30 80 7.2 05 §55 a7 949 7.4 634 130 13.0 3.4
COESS 91 BAY 7.0 63 0.4 96,2 %.6 997 5.9 849 130 125 3
1, ;M M4 .7 7.8 65 05 %3 9.9 9.0 6.7 8.3 132 12,2 3.2
{: W 0-5 °n9 006 °|4 o.o 015 1.0 0-9 0.4 1'2 1-3 1'2 0.3
c; 9“ 06, 04 03 00 03 06 0.6 03 0.8 0.8 08 0.2
*’!
y o8 % MOISE INDEIES CALUIRATED USING INEASIRED DATA UNCORYECTED
.v,.

FOR TENFFRATVRE, IDITY, 06 MIKRAFT DEVIATION FKOW REF FLIGHY TRACK



& %L Abs SE-Me KN

e wt—

8iTE: 3

‘M mn “11_3.3

AERISPATIALE SA-343H HELICOPTER (DAUPHIN)

SUNARY NOISE LEVEL DATA

TREQFF ~- TARBEY 145 75 KTS. (T/0 FROM NOVER)

7.3
8.3
7.1
7.1

2.3
°I6
0.7

8.7
7.1
6.9
6.5

6.8
0.3
0.3

EAEEFE — TAMET 108 75 KTS. (170 FRON GROUND)

. 85.6
8.9

9.4
0.t
0.4
17n.?
NI

5. 93

o RN LS
LRG0

8.3
n.2
7.9
nA
B3

n.o
| X

Y

€3.4
8.2
2.8
5.7
.8

0.0
‘-l
1.0

1.3
1.
( 8]
1.
7.4

7.6
.3
0.2

8.8
..
7.
8.9
e

.'!
0.3
0.3

‘l’
‘.‘
‘.‘
‘.‘
6.4

4.3
6.1
0.1

7.4
7.2
4.y
74
6.8

2.
6.3
0.3

EOREE APPRBACH - TARDEY 128 73 XIS,

#5 MEASURED #
SIDELINE - 150 K. NORTH
q £ PRs PRTH
0.4 8.1 £9.2 9.1
0.9 87.3 88.4 89.3
0.3 97.4 08.3 9.6
6.4 68.1 89.4 9.8
0.4 7.8 98.8 90.7
8.0 0.4 0.4 1.1
9.0 08 06 1.3
0.4 9.8 8.5 M.
0.4 9.1 89,0 91.4
0.3 9.3 8.3 9.0
.4 9.8 04 2.5
0.4 2.9 856 934
0.4 9.8 8.4 92.4
9.0 0.4 €2 0
9.0 0.4 0.2 0.4
0.5 8.y %9 9.9
0.4 NS 96 NE
0.4 9.2 9.2 %64
0.3 5.5 %4 9.9
0.4 9.4 9.4 %01
0.5 Ny N7 9.4
0.9 1.0 1.3 i
9.9 1.0 1.2 14

K(P)

—aeee wsweee

S0 - AN TKXES CALCUATED USING NEASUVED DATA INCORSECTED
7 Fim TERYRATIOE NIDLTY,GR AIRCRAFT DEVIATION FRON FEF FLIGHT TRACK

ey

Y X VR R P

8.3
1.1
6.8
5.7

8.3
0.3
0.5

6.7
8.7
6.9
4.3
5.9

6.3
0.4
0.4

JNE 6,198

OASPLa DUR(A) DUR(P) TC |

DOT/TSC
10/14/83

8.7
85.3
85.4
84.3
86.4

0.2
0.2

7.7
80.6
8.6
”"
8.5

8.1
0.4
0.4

94.0
’2.6
92.6
9.1
5.8

93.4
0.8
9.7

12.5
143
18.0
14,5
14,5

14.8
2.0
1.9

14,9
17.3
13.5
13.3
15.3

14.9
1'7
1.4

125 2.0
1"y 0.9
10.0 2.7
12,0 2.4
122 2.0

1.8 0.8

2.2 0.9
12,3 3.0
13.9 3.4
1.0 313
140 3.9
13.0 38
13.9 313

1.8 0.4

1.7 0.4
13.0 1.4
16,3 1.2
120 1.2
113 1
1o 19
12,8 1.4

2.2 0.3

21 03
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SITE: 3

SEL  Alw SEL-Ale K(R)

e e e

TABLE ¥0. A.1-3.2

AERDOSPATIALE SA-365M HELICOPTER (DAUPHIN}

SUMMARY NOISE LEVEL DATA

FT, FLYOVER -- TARGET IAS 135 KTS.

78.3
ns
4 78.2
76.2

8.8 8.7
3.3 76.3

PORFS R

W g gy zaazarz § 12
5 ag
-3
O~

L

g1.8 7260
f €.oe 5.3
s BA.O 26,3
- R ﬁ.! 7‘-1
“ihwg. 835 75.9
v 0.9 0.4
B LREERX:

7.°
7

RS-

[ 2]

L2

e
hogald o]

531000 FT. FLYOVER ~ TARBET 1A 135 XIS,

R S

s e B
\ %

A5 MEASURED #
SIDELINE - 550 N. MORTH
0 (1 T
65 0.4 9.6 9.6 92.9
68 0.3 910 92.1 9.
6.6 0.4 905 91.6 92.9
69 0.5 887 89.9 91.%
6.6 0.4 9.7 92,2 933
87 0.5 884 9.8 91.7
85 0.4 9.4 9.9 93.0
63 0.5 €85 897 91.6
7 0.5 899 911 $2.4
0.1 0.0 1.4 1.1 0.9
0.1 .0 0.7 0.7 0.4
18 120 KT8,
49 0.4 884 69.1 9.0
68 0.4 82.9 88.5 89.6
69 0.4 887 89.4 90.3
67 0.4 RN foA oap
68 0.4 883 89.0 90.2
¢.1 0.0 0.3 0.4 0.5
0.1 0.0 04 0.4 0.6
IAS 105 KTS.
68 0.4 855 08.7 N3
48 0.4 874 €7.4 68.4
69 0.5 8%.6 €9.3 9.9
&0 0.3 834 83.2 91.4
9 05  88.7 A 90,2
7 G4 8.1 A 895
42 8,4 833 .6 7.V
0.4 0.0 0.5 0.7 3.0
.3 0.0 0.4 0.6 0.8
7.0 0.5 852 €51 858
62 0.4 851 845 887
7.2 95 658 84.9 888
714 04 855 81 0.5
723 04 852 63.6 6s.7
7.0 0.4  85.4 845 853
0.4 . 0.3 0.5 0.4
0.4 . 0.3 0.5 0.6
TED D DATA UNCORRECTED
1B 14TION FROK REF

co~

BN NuNer

PRLTe K(P)

—————

= . o »
OCNVAVDODOC

SO YO 3O
- »
= p3 00

-

L e L ]
a a & 9
€O Gt

XN~

Lol S N T A
» . ® o 8 g 8 g &
CleS RO

.
~3

D

it

w3223

XWE 6,193

0ASPLa DIR(A) DUR(P)

0T1/75C
10/14/83%

BIB3FI 23
Q0w O YO I

e d
[ a* Rt
. g @
F o]

:..ans PILPB
- » a ®
Do

e

@
L2 Yot 2

aa&'h s ® g @ 9

» MR
LAY QUi

oo REJRE

2
£
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S Bt g Gt
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CrATALR

—
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H
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- - -~ - » L e T e e s e T R SN W T B S S Sl e SRR L A S
TmE Mo, ﬁnl“Ll
AERDOSPATIALE SA-365N HELICOPTER (DAUPHIN) COT/7SC
10/14/83
SUMIMRY NOISE LEVEL DATA
AS NEASURED *
SiTE: 3 SIDELINE - 150 M. NORTH JUNE 4,196

11 SEL  Als SEL-Ale KCR) @ EFRL P PMLTe K(P)  OASFLm DUR(A) DUR(P) TC

——

6 DEGREE APPROMH -~ TARGET IAS 75 K15, (ICAD)

TFI 88,2 789 9.4 7.5 0.5 917 920 933 7.0 92.4 18.0 160 1.3
6 N4 8.2 7.2 7.4 05 9.2 9.9 .0 7.2 9%.0 105 10.0 1.1
CFAE 9IRS @5 8.4 2.0 0.5 974 974 991 69 9R7 150 145 1.2
CFA7 M8 8 82 7.0 0.5 9.0 955 9.0 7.4 27 145 140 1.4
FA8 9231 835 89 7.5 65 958 9.1 9.0 75 9.7 155 150 0.9
TS 927 839 8.8 7. 04 9.2 9.2 983 69 921 17.0 140 21
UFH 912 82.2 8.9 69 0.4 944 952 961 7.0 9.4 195 155 1.0
B8 912 8.5 87 7. 04 952 949 9.0 7.0 7.4 17.0 150 2.0
-
sgwg. 908 832 8.5 7.2 05 953 958 972 70 9.8 1559 142 1.4
e b 17 21 84 02 A 1.7 12 19 a2 1.5 22 19 A%
sa o AME) £ 14 04 01 00 L1 12 13 00 10 1.8 1.2 03
- ®
“TREDFF ~ TABGET 145 75 KTS. (1CAD)
L TE2 858 T0.8 B0 6.8 04  B9.6 B9.6 91.6 6.8 8.6 160 169 21
8.7 7.5 92 7.2 0.4 6.0 8.2 8.0 68 6.2 185 2.0 1.8
84.2 2.0 6.1 67 04 835 881 90.7 &5 8.7 150 155 2.6
. M2 753 8.6 7.0 0.4 085 8.9 9.0 6.8 8.1 17.0 175 2.2
0 "’;' “08 75.2 8.4 7.3 0.7 88.3 £7.7 89.9 4.8 37.9 13.0 16.5 1.1
- M4 752 9.2 7.5 05 883 8.6 89.5 2.3 8.1 165 160 2.0
' 8.3 778 T4 64 S84 B4 887 0 43 887 4.4 155 2.4
: M6 774 7.5 67 04 88.8 89.8 9.1 67  89.4 130 140 21
A
3 8.4 761 8.3 7.0 0.4 886 883 9.4 67 683 154 165 2.3
0.6 14 67 04 0.0 05 1.0 A9 03 05 1.7 21 04
BgrC] 64 08 65 02 00 03 0.6 0.6 02 04 12 14 03
" “1 F
\,‘,.‘;‘ - .‘t.‘_." 7
AR ¥, .
. *.”!. s :
' % _z WOISE INDEXES CALOILATED USING NEASURED DATA UNCORRECTED
W5 FFOR TEMPERATURE, UNDITY,OR AIRCRAFT DEVIATION FROK REF FLIGHT TRACK
1; ' .




TABLE NO. A.1-2.3
ASRUSPATIALE SA-36TH HELICOPTER (DAUPHIN)
SUNMARY NOISE LEVEL DATA

S NEASURED #
GITE: 2 SIDELINE - 150 M. SOUTH

13 SEL  Als SEL-ALs K(R) @ EPRL  Pla  PRLTa KiP)

— ——re— ————  emoesem Seme- ~— - - eeems Smw

TNGEOFF -- TARBET 1AS 75 XT5. (T/0 FRON HOVER)

REXND DATANNH

@.,x&gnn- TREET 196 75 KTS. {7/0 FAOK GROUND)

B SER

SHIND DATANSH

— THREET 145 75 KIS,

f S

_ - #EBKD DATAReS

DoT/15C
10/14/83

RINE  6,198]

OASPLa DUR(A) DURIPY  TC




SITE: 2

]

SEL.  Als SEL-Ala K(A)

e wmen  weemaon wgmn

TABLE M0. A.1-2.2

AERCSPATIALE SA-345N HELICOPTER (DAUPHIN)

SIMNARY NOISE LEVEL DATA
#S BEASURED ®

SIDELINE - 130 H, SIKTH

¢ EPL.  FPilka PHLTe

- - ane -— - g—-——

500 FT. FLYOVER -- TARGET IAS 135 KTS.

3 854 789 4.5
M 8.6 BlLE 7.5
8 B3 7.2 1.2
M 8.2 91 7.4
& 88 777 7%
M 863 794 8.9
M B 789 2.6
A0 861 9.0 7.1
Aa. BE W4 72
a0V 1.4 1.4 0.4
wICl 09 69 03

500 FT. FLYOVER -- TARGEY
81 8.8 767 7.2
1w e 7
Q6 56 81
B0 @3 M7 7s
8.4 6.7 1.7
Ay 0.9 0.5 A

10 14 o,

-

5 990 FY. FLYOVER —— TARGET

i'-;~ ﬂ 0. ‘-0 0.4

TR e g T

8.9
4.8
1.0
8.9
1.1

7.0
0.1
o.l

8.6 0.5 9.3 92.6
7.4 0.5 93.7 947
7.0 03 9.3 9.7
68 05 9.9 9.9
6.8 0.4 - %8
6.6 0.4 91.2 9.2
7.0 0.5 - . 90.7
68 0.3 1.2 2.4
89 053 914 N0 9
9.2 0 1.2 1.3
9.2 0.0 1.0 0.9
14§ 120 KT8,
68 03 9.0 8
7.0 08 89.1 89.9
7.1 ] 83.8 83
7.1 0% 0.5 9.
7.0 4.3 67.3 ©5.8 95,
0.2 0.0 0.8 - 1.0
0.2 0.0 0.9 1.2
A8 105 K18
1.6 05 82.1 86,7
2.8 08 29.1 89.4
7.4 05 8.3 8.1
1.3 o3 88.5 68.3
1% 08 87.8 8.3
7.3 0% 83.4 8.5
7.4 0.5 88.2 €2.9 8
.5 &3 2.7 18 %
| 31 . 66 08 O

0.4 84,9 93,7 85

0.4 “-6 3.0 6s.

0.4 848 834 £
. 85.1 848 85
. - mas ﬂ

0.4 5.1 8.9 8

0.0 0.3 1.4

0.0 6.4 1.t

78 - MOISE IWDEES CALCIZ.ATED USING IEASURED DATA UWCURRECTED
- FOR TENERWTURE,WUNIDITY, Ok ALRCRAFT DEVIATION FRON REF FLIGHT TRACK

JONE 4,193

OASPLa DUR(A) DURCPY TC

D0T/T5C
10/13/83

- ~0 ~D
RIANRE
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Nracd

CALA ) O D
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10 1.
‘3'5 1.
12,0 11
12.5 %Z
120 1.
120 1.
0.9 0.
.8 ol
20 1,
3.0 1.
A0 1.
2'5 l-
2.9 1
0.9 0
10 0
45 1,
45 1.
S 1.
&5 1.
155 1,
155 1.
15.2 1.
e.8 &,
0.7 o,
7nS 2.
245 1.
%%.o 2.
S 1
- 2.
1.6 2.
2.0 0.
2.4 0,

T N T S TN AT A A TR M Te e T Mt e Tt a Y . ~ et
Y EP VS I AV ) S RN A W VA S A R S O R T I

L3 T




TADLE N0, A.1-2.1

AERDSPATIALE SA-355N HELICOPTER (DAUPHIN) 00T/15C
10/14/83
SUMMARY NOISE LEVEL DATA
AS NEASURED *
BITE: 2 SIELIN - 130 M. SOUTH JME 6,198]

EV SEL  Als SEL-Alm KM @ EPML  Pla  PNLTa K(P)  OASPLa DUR(A) DURIP) TC

— ——— SGwem W - ———— - ——— ———wm ome

——

6 DEGREE APPROACH -~ TARGET 1AS 75KTS. (1C40)

$AEND DATAU

o TREDFF — TARGET 185 TKTS. (1CAD)

-»

9.6 9.8 88 7.1 04 955 938 964 25 940 17.5 18.0 2.4
9.0 M9 9.0 7.4 05  9N9 926 N3 7.6 934 165 185 2.3
8.6 78 9.8 7.4 05 S5 92.4 9.6 77 9.6 193 19.0 2.4
L85 I %4 7.4 05 NS 2.8 NS 7.4 .4 190 185 2.3
8.9 W2 9.7 7.4 05 Y 9.7 7 2.9 937 19.0 190 2.4
0.y M7 102 8.0 0.6 - 9.0 %0 - 9.4 190 - 3.0
5.4 8.5 9.6 7.8 05 9.0 9.5 9.4 8.0 939 17.0 17.0 2.4
WE B4 %4 T4 05 9.0 9.4 9.0 73 W3 125 170 3.4
wa, £9.0 84 2% 75 55§ 95,2 95,3 7.7 937 181 184 2.6
Sy 0.6 08 04 03 00 07 0.6 09 63 03 11 0% 03
36 05 03 02 00 05 0.4 06 0.2 0.2 08 0.6 0.2

e = HOISE INDEXES CALCILATED USING HEASURED OATA UNCORRECTED
0 e TSGR TERPERATURE MUNIDITY, OR AIRCRAFT DEVIATION FRIS REF FLIGHT TRACK
AR :




TABLE NO. A.1-16.3

AEROSPATIALE SA-345N HELICOPTER (DAUPHIN) DOT/1SC
10/14/83
SURWARY NOISE LEVEL OATA
S NEASURED #
SITE: i€ CENTERLINE-CENTER (FLUSH) JUNE 46,1903

3 SEL  Alm SEL-Alm K(A) § EPHL  PMla  PNLTw K(P)  OASPLe DUR(A) DURIP) TC

-— —— mmm- aoaseees - —-—— —— - —mm— aan=e - —

TAKEOFF -- TARGET 1S 79KTS. (T/0 FROK HIVER)

837 9.5 9.8

57 &3 05 1050 106.8 191 63 962 8.0 8,0 2.4

GAJB 9.9 942 57 61 04 1053 107.2 1095 b1 966 BS5 9.0 2.8
BA3? 9.9 949 5.0 58 0.4 1953 107.9 1104 S8 974 25 7.0 2.6
6M0 998 93.8 41 45 05 1053 107.3 194 64 982 85 85 2.1
Mg 9.8 92 5.6 62 0.5 1052 1003 109.0 42 91 B B 2.5
S4Dv 0.2 0.5 04 03 05 02 04 0.6 03 03 0.5 09 0.3
CCR9C 02 046 05 04 00 02 05 0.7 04 1.0 0.6 1.0 0,3

“TAKEQOFF -~ TARGET IAS 73RTS. (7/0 FRON GROUND)

mx 7.3 %203 71 64 0.4 1025 102.7 105.8 4.7 91.2 13.0 10,0 3
%.2 8.7 74 6.5 0.4 101.8 102,01 1047 4.8 .6 12,0 110 2

N %m 9.7 8.5 82 7.1 05 101.9 100.8 10).7 7.1 90.2 145 140 3
8844 96,0 88,2 2.9 2.0 0.5 101.0 100.0 103.2 4.9 8%.6 135 13,5 3
e 9.0 87.4 8.5 7.4 05 101.2 9.9 1027 7 89.4 145 145 2

LT e i g, %6 888 78 69
S L IR Y

0.4 1017 1011 1040 7,0 90.3 135 12,4
0.6 13 1.2 03 i 1LY 2.0
86 1.2 1.2 03 1.0 1.0 L9

8 oem m 5 TARET 145 731,

S

|

i S S o ..

o S e e
| ] 5

| L :

|




TARLE M. #.1-18.2

AERDEPATIALE S4-34%H WFLICOPTER (DOUPHIN) 1!39‘{93%
SAINARY HOIBE 1 EVEL 0ATA
A5 NEATIRED #
SITEs 18 CENTERL I ME-CENYER (FLUSH) JNE 46,1903

E\F ﬂ fis - KN @ R Pile PRI K(P)  OASPLe DUR(A) DUR(P) TC

@rme cammowe— Ee— —— - e ———— e ——

500 FT. FLYOVER — TMREET 145 135 KIS,

A3 9.5 &6 65 &8 0.4 B9 9.2 %9 4.4 %.1 11,5 1.7 1.8
M %y 8.7 7.2 2.2 435 9.5 9.5 1015 7.8 94.6 100 9.5 2.2
5 w1 W4 75 AT 84 9%5.7 .Y N.6 b7 .7 140 160 1.5
¥ 0.e 83 735 47 04 9.6 %5.2 98.2 6.8 5.2 13.0 12.5 2.2
A7 0.1 89 2.2 b4 04 9.9 9.3 9.9 4.8 96.1 135 15,5 2.1
~N w1 0.8 73 &b 0.4 96.1 97.0 W8 47 N9 1.0 125 2}
M %2 RS 7.6 b6 0.8 %8 .8 92.4 7.0 6.4 145 1S 20
MO 98 S22 T &7 04 B8 %2 NS L9 7.1 1640 133 1.8
za %4 61 74 b6 04 9.2 9.8 9.4 6.8 5.7 129 133 2.0
14 1t 62 93 9.0 1.0 .2 13 6.2 g7 14 2.1 0.2
$Cl 67 o8 62 0.2 0.0 0.6 0.0 0.9 0.1 04 1.0 14 ¢
B0 FT. FLYOUER — TAREET 1AG 120 KT8,

" ;3 N8 13 49 05 94.4 953 9%A 6.8 93.3 12.¢ 135 9
i 7.3 8.9 7.6 58 0.4 935.2 5.1 9.9 3.2 93.2 1349 140 1.9
a3 8.t 7.3 4B 0.4 8 .3 971 6.4 2.4 12.0 118 2%
‘l ws BY 2T LY M3 F3.2 3. VI8 7.0 92.2 12,8 11,85 2.1
m Y 24 48 05 %46 .4 97 60 2.9 12.0 12,5 .9
N 0.2 62 6.2 41 00 0.7 0.4 0C4 03 0.5 6.3 0.2
36 0.2 03 €2 &1 06 68 04 07 0.4 046 04 1 7 o2
5.5 Né 9.3 %.0 145 135 1.8
3.9 N2 . ? 2.0 13.5 40 1.5

73.6 A1 . 9i.6 13.0 3.5 1.

Do s @ %8 84 72 03 Y7 WS 93 73 94 134 1L 15
A A T4 &3 o2 &b €2 g4 o4 ®1 €7 6g €5 0
- :‘. o ’ 00" .al '- °u2 ‘-o 002 003 003 ol! 0-6 0.6 o.‘ ("] 2

Bl 24 12 4B 04 ny I NB 23 W 25 AU 1.4
B4 A %8 71 o4 7%.5 .4 97 7.4 6y 2y [0 L

B o 9.6 &8 0.4 @ 894 997 74 9.3 M5 20 1.4
SR TR T B I e T 5 O T S I R
v @ 2§ 71 64 M. @1 915 7.6 93 196 193 .8
e %3 9 . A4 96 69.0 W2 1.5 855 2.3 248 LY
.‘""' \\ ’ w %‘g Oe; .lg Zl 8:0 g g o. oi‘ ou? 00‘ 203 353 0.6
° '|A' e i:! Qaz 5.5 ° 3 ' 0 °u5 0-‘ .-2 °D’ 2-2 3:‘ °06

o ‘%wms%%:&'ﬁu%ﬂ o P e T
& . , Y i

R




o e UL B e Al R N AT L S A AR A A R N A T A NN N O S A A N T TR e T KRS TP LT S VA T VR NTETNR

1 ~16.1
AERDSPATIALE SA-3650 HELICOPTER (DAUPHIN) DOT/7SC
10/14/83

SUHARY MOISE LEVEL DATA
A3 NEASIRED *
SITEs 16 CENTERL IKE-CENTER (FLUGH) SNE 64,1983
B %L As SN0 KO @ EML PR PRTe K(P)  GHPLE DURIA) DURIP) TC
& DEROEE APPROACY -- TARBET 145 75KTS. (1CAO)
SENQ DATARSS

- VRMEDFE — TARGET 145 75 KT8, (1CAD)

M2 NI 67 AT 04 1633 1937 1069 6.3 2.4 10,5 10.0 3.2
%9 B 70 42 04 124 1927 1037 & %.8 135 12.% 3.0
.4 N 08 2.8 05 102.2 1040 034 2.8 91.2 135 1.0 27
7. WA 73 4B 04 103.4 1029 1061 4.7 0.9 123 126 3.3
7S N2 73 2.6 05 1930 102.7 105.8 4.9 9.5 1.0 10 31
7.3 8.8 7.6 68 9.4 102.8 102.2 1054 4.7 0.3 130 125 X2

e ¥7.2 WS 2.7 2.6 05 102.4 1618 105.0 4.8 9.6 12,5 130 3.2
, , 97.5 ”.‘ 705 7-2 005 1“-‘ 192-9 1“" ‘o, 9‘-‘ 11.0 1‘-5 2-’
7.4 0.8 7.4 A8 05 W8 102.4 105.6 - 67 90 12,2 119 3.
cbmuby €4 07 04 03 00 04 07 08 03 07 1.2 11 6.2
; i_u '._.3 ’ls 'ﬂx .Uz °I° 003 0.5 0-5 °u2 0.4 0.3 °-7 o-l
-8 - ¥OIBE RMDENES CALORATED USING MEASURED DATA UNCORRECIED
£ FER TENPEAATURE ,MUMIDITY,OR AYRCRAFT DEVIATICR FRON REF FLIGHY TRACK
B B S AR D .
P
A
2

L T e LAY




TABLE M0. A.1-1.3

AEROSPATIALE SA-TOTH HELICOPTER (DAUPHIM) DOT/TSC
10/14/83
SLRHARY NOISE LEVEL DATA
#S MEASURED *
SITE: 1 CENTERLINE - CENTER JNE 4,198

1] GL  Ala SEL-Mm KiA) € EPL Pl PLTa K(P)  OASPLo DUR(A) DUR(P) TC

D awaws gebaeme  oeoe - - ——w—eman e

TAKEGFF — TARGET 145 75KTS. (T/0 FROW NOVER)

_SATY 953 %3 S0 &0 9.3 100.5 103.0 105.6 S.8 9.8 7.0 7
g M. 8.4 5.4 62 0.3 9.2 101.3 1040 3.9 w7y 1.5 7.
N %46 858 48 42 05 100 1010 305.5 5.9 92.2 60 b
-GM0 933 %00 53 63 05 1007 103.3 105.4 4.l 92.6 7.0 7

gwg. S8 87 5.2 6.2 05 100.1 102.6 1050 59 919 69 7.0 2.5
“Stby 0.6 0 03 01 00 67 09 08 01 0.8 0.6 07 03
WEC 07 08 03 02 00 08 11 09 62 09 07 08 03

. ZWXEDFT -~ TARGET 186 7SKTS. (1/0 FROA GROUND)

S SBBE B BRA 67 63 64 9T 954 1030 64 881 15 65 3.7
. Y ne w2 63 41 04 W2 9.2 1025 43 8.5 1.0 8.0 33
WA 925 859 66 61 04 976 97.6 1003 5.9 8.7 120 115 3.7
G 932 86t 7.0 6.4 0.4 9.9 97.6 1014 &6 859 125 100 3.8
QM5 925 857 67 60 04 9.3 9.6 1011 57 868 130 125 3.4

Niwg. 132 8.3 67 62 0.4 %80 %3 1009 62 8.4 120 104 36
. . ::"‘ . . "’u N ‘¢7 0.‘ 013 °n2 0-0 °|7 1.0 o.’ o.‘ 0.8 0.3 109 032
. E "ﬁ i‘m cl °l7 °-7 0.2 0.2 °¢° 0.7 0.9 0.9 0.4 0.8 0.9 1.8 0.2

ST NS W3 2.2 48 03 98.5 191.1 102.1 6.3 9.0 11.5 105 0.9
Lo Tk %S R 8.2 74 8 4.3 5.2 952 7.t 93.9 140 140 0.9
S AR M2 8 81 WY 04 4.9 9%%.4 .2 1.2 4.6 15,0 11,3 0.9

~ iém ”-' “.0 7.4 ‘n, 0-'5 ,6-7 98-8 ”¢7 6.7 %.& 12-0 11.0 1.0
. 'f? 7.6 By 5 63 04 9.4 9.t 106 62 9.4 1053 9.5 1.0

%M 2.5 %8 75 48 0.4 9.2 92 %2 &7 7 124 M3 09
THSWN 14 21 66 02 00 17 24 24 05 L. L9 17 0l
0

SEMBE 05 20 06 02 00 L6 27 23 04 13 18 L& 0

3

4 < NOISE NDEYES CALLULATED USIMG FEASIRED DATA UNCORRECTED
Lok : ':%_'wm,ngnm,m ALRCRAFT DEVIATION FROS RZF FLIGHT TRACK




T¢

DOT/TSC

10/13/83

OASPLe DUR(A) DUR(P)

JNE 46,1983

KiF)

PHLTe

EPFML. PNl

TABLE M0. A.1-1.2
AS NEASURED #
CERTERLINE - CENTER

AERDSPATIALE SA-365N HELICOPTER (DAWPHIN)

a

SUNMARY NOISE LFVEL DATA

SITE: 1
SEL-Ms H(A)

Ale

———— mmmsmets  mms

00 FT, FLYOVER -~ TARGET IAS 135 K1S.

SEL

®

B

CORMNINIC Gt I VIR i FICN QO DD PP IR O 08
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TABLE NG, A.1-1.1

ACROEPATIALE SA-365N HELICOPYER (DAUPHIND DOT/TSe
10/13/83
SUNKARY NOISE LEVEL DATA
AS TEASURED ®
SITEs 1 CENTERLINE - CENTER JRE 56,1983

£ SEL  Als SEL-Als KA) @ PR Pils  PHLTe K(P)  OASPLe DUR{A) DURIP) TC

—wea a-rew Sewsees Swve - - ———— ccmw=  —ee.

-

& GEGREE APPROACH -~ TARGET IAS 75 KTS. (ICADY
TS .9 866

63 45 05 9.2 99.0 100.2 60 A3 9.5 10,0 1.3
F36 9.8 833 7.5 69 0.5 G486 967 977 6.5 A8 125 115 L0
C F& 2.6 851 2.5 7.0 0.5 965 985 997 446 950 120 105 1.3
CFE? 929 5.9 7.0 65 0.4 965 987 997 4S5 953 12,0 110 1.
C'FA3 933 B854 7.7 4.8 0.4 971 99.1 12 43 953 135 12,0 1.1
CFA9 92.8 849 2.9 74 0.5 97.0 9.5 .6 70 949 130 110 L
-F% 9L 655 7.8 6.9 0.4 9.1 984 99.8 68 954 135 12,0 1M
LoFS 935 878 5.6 S.6 04 97,0 1005 1014 5.6 964 100 100 0.9
T itvg. 92,7 BS.6 1.2 67 0.4 965 987 99.8 6.4 950 2.0 110 1.}
P bv 0.8 1.3 08 05 &0 8.0 1.8 13 U4 9.6 13 08 0.2
PRC 66 05 05 03 00 0.6 07 07 AT 4 1.0 05 0.1
_ TAKEOFF -- TARGET 145 75 KTS. (1C40)
E% 937 &0 65 65 0.5 988 99.4 102.6 63 82,6 10.0 9.5 3.2
SRR 9.6 659 T 6.7 0.4 984 983 1014 66 BA1 1S 10 33
. E® 9.2 8.0 62 &3 0.4 986 99.0 102.7 64 820 9.5 9.0 37
BN R.2 850 7.2 65 0.4 974 %6 W9 68 854 125 125 33
EB 928 864 64 6.1 0.4 987 993 1027 58 830 L5 11,0 35
2.4 B9 67 &5 0.4 9.9 9.7 01.2 6.4 861 110 110 IS
' 92.7 854 1T &4 S.4  5 572 G767 863 .5 12,0 3.8
$.9 8.7 2.3 49 05 9.3 98.2 1013 68 866 115 110 3.0
861 4.8 4.5 0.4 983 98.2 1016 6.4 866 102 109 3.4
0.7 04 0.2 0.0 0.5 1.0 1.0 0.2 0.8 1.i 1.2 0.2
2.5 03 0.2 0.0 03 0.2 07 0.2 0.6 0.7 0.8 0.2

" - % - MOISE INDEXES CALCULATED USING MERSURED DATA UNCORRECTED
FOR TENPERATURE , HORIDITY, 0% AIRCRAFT DEVIATION FRON REF FLIGHT TRACK




TABLE A.,b

Definitioas

A brief synopsis of Appendix A data column headings is presented,

EV

SEL

Alm
SEL-Alm

K(A)

EPNL
" PNLo

 PNLTh

K(P)

Event Number

Sound Exposure Level, the tctal sound energy measured
within the pericd determined by the 10 dB down duration
of the A-weighted time history. Reference duration,
i~second,

A-weighted Sound Level{(maximum)

Duration Correction Factox

A-weighted duration constant where:

K(A) = (SEL-ALm) ¢ (Log DUR(A))

Time History Shape Factor, where:

Q= (IOO.I(SEL"AL\‘II) Y (DUR(A))

7 Effective Perceived Noise level

Perceived Noise Level(maximum)
Tone Corrected Perceived Noise Level(maximum)

Constant used to obtain the Duration Correction for
EPNL, where:

K(P) = (EPNL-PNLTm + 10) ¢ (Log DUR(P))
Overall Sound Pressure level(maximum)

The 10 dB down Duration Time for the A-weighted time

--------

The 10 dB down Duration Time for the PNLT time history

Toue Correction calculated at PNLTm

"5_,.LEach set of data is headed by the site number, microphone location and

., test date. The target reference condtions are specified above each date

> aubset,




